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RELATION OF NUTRITION AND AGE AT FIRST CALVING 
TO LIFETIME PERFORMANCE OF BEEF COWS 
IN TROD UC TION 
The importance of proper nutrition of cattle during growth, gestation, and 
lactation has been demonstrated by a number of investigators. A problem of 
major importance is the effect of different methods of management upon the 
lifetime usefulness of range beef cows. The various methods of management 
have not been observed under identical conditions, and a comparison of the 
relative merits of each has not been possible. In many cases, economics or 
available feed has dictated the system to be employed. 
Reproductive ability is fundamental to economical beef production. In the 
production of replacement heifers, cattlemen are confronted with questions as 
to the effects of managerial, environmental, and nutritional factors upon growth 
and future usefulness of the heifers as mature cows. O'uring the summer, most 
cattlemen follow the general practice of grazing their heifers on native grass; 
during the winter, however, methods of handling heifers may differ consider-
ably, and it is during this season that nutritional deficiencies are most likely 
to occur. Levels of winter feeding, as measured by gain in weight, have been 
shown to affect growth and development of young cattle the ensuing sum'mer 
grazing season, but there is insufficient informlltion relative to the effect of 
level of wintering upon size of the mature cow, regularity of breeding, and size 
of the calf at weaning. 
Although most commercial cattlemen breed their replacement heifers to 
calve as three-year-olds, some adhere to the practice of breeding the heifers 
1 
as yearlings to calve at' two years of age. The breeding of commercial range 
heifers, wintered at medium or low levels, to calve as two-year-olds is a 
questio'nable practice. It is not uncommon to breed liberally fed heifers to 
calve under three years of age. This practice is prevalent in registered herds. 
Little information is available regarding the effect of age at time of calving 
and effect of level of wintering upon the subsequent performance of replace -
ment heifers. 
The investigation reported herein was undertaken to provide experimental 
data comparing the effect of level of wintering and the effect of age at breeding 
upon subsequent lifetime performance of heifers kept as breeding cows. In 
addition, this stu¢y was to provide information on the optimum amount of feed 
required and the cost of raising replacement heifers. 
The advisability of feeding thyroprotein to beef cows for the stimulation of 
milk production was another part of this study. The measure of the effect of 
thyroprotein was the gain or loss in body weight of the mother and the size of 
the calf at weaning. 
2 
REVIEW OF LITERATURE 
Extensive investigati ons concerning the winter ing of beef cattle have been 
conducted for many years. These investigations were made in an effort to 
find suitable feeds for wintering cattle, as well as to study the most economi -
cal methods of wintering. Limited investigations has been completed in re-
gard to the breeding of immature animals and the residual effect of this early 
breed\ng upon subsequent lifetime performance of the animals. 
The effect of early breeding upon range cows was studied by McCampbell 
( 1920). Eighty head of weanling heifers were divided into two groups, one-
half being bred to calve as two - year - olds and the other half bred to calve as 
three ~year-olds. One half of each of these two groups was fed a liberal 
amount of grain and roughage; the other half was fed only roughage. Heifers 
calving as two-year-olds produced smaller calves, regardless of the method 
of feeding, and the calf crop was reduced 30 per cent when the heifers were 
fed only roughage during the winter. The results of this experiment indicated 
that development of cows without grain and breeding them to drop their first 
calves at three years was the most practical method of management under 
range and semi-range conditions. 
Withycombe, Potter, and Edwards (1930) conducted an experiment on age 
of breeding of beef cows. Their results indicated that the effects of early 
breeding were not changed by light or heavy winter feeding. At the age of six 
and one - half years, cows which had produced their first calves as two-year-
olds had produced an average of 0. 7 calf more for the entire time than cows 
which produced their first calves as three - year-olds. Early breeding did not 
3 
affect the size of the calves produced in subsequent years. Two-year-old 
heifers suckling calves weighed 200 pounds less than dry two-year-olds. 
This difference in weight was reduced to less than 100 pounds by the time 
the heifers were four years old. The effects of early breeding were not 
changed by light or heavy winter feeding. Cows producing their first calves 
as two-year-olds were more profitable than cows producing their first calves 
as three-year-olds. 
Eckles and Swett (1918) stated that the most decided effect upon the size 
of mature dairy cows results from a combination of light rations during the 
growing period and early calving. They further stated that, next to heredi-
tary factors which may determine the upward limit of growth, the combina-
tion of early calving and light rations during the growing period is the main 
cause, in numerous commercial herds, for a number of under.sized cows. 
There is a tendency for animals to recover from retarded growth if condi-
tions are favorable later. This may be accomplished by a more rapid rate 
of growth or by prolonging the period of growth. If the retardation, especially 
in skeletal growth, has gone too far, the animals will not, however, reach 
normal size. The amount of digestible nutrients consumed during the grow-
ing period has some effect upon rate of gre>wth of the skeleton but has a greater 
effect on the weight of the animal. Reed, Fitch, and Cave ( 1924) stated that 
Holstein heifers bred to calve at 24 months of age did not develop as well as 
the animals given the same feed and bred to calve at 30 months; however, 
milk-producing ability was not affected py early calving. 
Eckles (1919) made a study of the birth weight of calves of primarily the 
4 
Jersey and Holstein breeds and reported that th€,! breed was the most important 
factor influencing the weight of calves at birth. The relatively small influence 
of the nutrition of the dam upon the development of the fetus may be explained 
by the dependence of the fetus for nourishment upon the blood stream of the 
dam and, therefore, only indirectly upon the food of the dam. It is a well -
known physiological fact that there is a strong tendency for the composition 
of the blood to remain almost constant, even under adverse conditions of nutri-
tion. It is a common observation by cattlemen that cows poor in flesh, to the 
point of emaciation, may bear calves of normal size for the breed. On the 
other hand, cows fattened to excess during gestation may have calves small 
for the breed and lacking in vigor as well, Apparently, only extreme cases of 
poor nutrition or the lack of some constituent in the ration for a long period of 
time may be expected to exert any marked influence upon the size of the calf. 
Eckles and Palmer (1916) reported that underfeeding of cattle is manifested 
by a marked increase in the percentage of fat in the milk and, in some cases, 
by an appreciable decrease in the proportion of total protein, ash, and casein. 
Eckles (1915) concluded that it is possible to influence the rate of growth, 
size of mature animal, and type, to some extent, by the liberality of the ration 
during the growing period and by the age at first calving. 
Eckles (1916) stated that results from carefully controlled experiments 
lead to the conclusion that the amount of nutrients necessary to develop the 
bovine fetus is so small that it cannot be measured by ordinary methods of 
experimentation. Eckles stated that these results might be due to better use 
of feed during gestation, decreased maintenance during pregnancy, and the 
small amount of dry matter in the fetus. 
5 
Trowbridge, Moulton, and Haigh (1918) studied the effect of limited food 
supply on the growth of young beef animals- and concluded that the condition of 
the an~mal appeared to have a decided effect upon the digestive ability. A 
very low plane of nutrition depressed the coefficient of digestion~ These 
workers stated that the growth of the skeleton contihued under very adverse 
feeding conditions and that this growth consisted of an increase of protein and 
of fat, as well as of mineral constituents. 
Hart and Guilbert (1928) stated that the failure of beef cows to conceive 
is due, frequently, to a faulty plane of nutrition, resulting in lack of proper 
functioning of the ovary and no manifestation of heat periods. Cows that have 
weaned calves in the fall and have become pregnant again must gain during 
the early winter season if they are to be at normal weight by the next calving 
time. 
Black, Quesenberry, and Baker ( 1938) wintered cows with and without a 
supplement of cottonseed cake and found that weight losses of cows that did 
not receive the supplement were significantly greater but that the increased 
weight of calves, at weaning time, from the supplement-fed cows did not 
compensate for the increased wintering feed costs. It was found that, for 
greatest economy, the use of cottonseed cake should be limited to seasons 
in which range conditions are severe. The experiments indicated that one 
pound of cottonseed cake fed on the range would replace approximately ten 
pounds of good quality hay in the feed lot. Lantow (1933) found that, for win-
tering beef cattle, one pound of cottonseed cake per head· per day was more 
profitable than 2, 3, or 4 pounds and that the heavier feeding of cottonseed 
cake resulted in slower gains during the summer. Snapp (1939) emphasized 
6 
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the fact that the plane of nutrition on which cows and heifers are wintered 
greatly affects their future usefulness. Ross, et al. ( 1947) reported a four-
year study of two systems of cowherd management. They found that grazing 
cows year long and supplementing the cured grass with cottonseed cake was 
more economical than grazing cows during the summer and feeding them 
prairie hay and cottonseed cake, in a trap, during the winter. They reported 
that there was no difference in the condition of the cows at the end of the ex-
periment or in the size of the calves at weaning. 
The influence of winter gain or loss of steers upon summer gains made 
on g.rass pastures has been noted by a number of irnvestigators. It is general-
ly observed that steers making the greatest winter gain make the least sum-
mer gain. Kincaid (1939) reported a significant negative correlation between 
winter ,gain or loss and summer gain from pasture for both yearling and two-
year-old steers. A gain of 100 pounds by yearling steers during the winter-
ing period reduced pasture gains by 58 pounds. Dickson, et al. ( 1943} 
stated that, for economical production of feeder steers, it is necessary that 
steer calves be wintered in a thrifty and growing condition. Guilbert, et al. 
J 
( 1944} stated that efficient meat production and efficient use of range feed 
involves supplemental feeds. Thus, a plane of nutrition may be attained that 
will promote continuous growth and development--a consideration especially 
important in young animals at the time when growth rate is potentially greatest 
and when live-weight gains are most economical. Dar low, Taylor, and Camp-
bell (1945}. using weanling steer calves, studied the effect of level of winter-
ing upon subsequent summer gains on grass. They found that steer calves 
wintered at a medium level were almost as heavy at the end of the summer 
grazing season as steers wintered at a h igher level. Black, Quesenberry, 
and Baker ( 1939) stated that significantly greater total range and feed-lot 
gains can be made by steers wintered on a high plane of nutrition but that 
significantly cheaper gains can be made by steers wintered on a low plane. 
An extensive study on the effect of nutritional plane on the changes in 
proportions of steer carcasses was reported by Moulton, et al. (1921). 
In this workt the higher planes of nutrition proved to be the more efficient. 
· Undernutrition resulted in; a , slow rate of gain. Hindquarter development 
was retarded more than the forequarter by undernutrition and was stimulated 
most by a high plane of nutrition. 
According to Stephens, et.ql. (1948), yearling steers on blue stem pasture, 
whether wintered at a high, medium, or low level, will reach about the same 
weight by the end of the grazing season. A winter gain of approximately 3/4 
pound per head daily seems the most de sir able to produce the most profitable 
·feeder yearlings; however, when yearling steers were full fed following early 
summer grazing, those on the high level of wintering proved most profitable. 
The influence of the nutrition of the breeding ewe on growth and survival 
1>f progeny has long been recognized . Several recent investigations have 
shown that extreme differences in levels of feeding ewes during pregnancy 
.affects the birth weights of lambs . Briggs (1936) summarized the results 
of a six-year trial studying the effects of breeding ewe lambs at about 9 
months as compared to the more recommended practice of breeding ewes at 
about 21 months, or what is commonly termed the yearling age. Briggs 
stated that it took the early-bred lambs about ten months longer to reach 
their mature weight than it d i d those bred as yearlings. The immature, 
8 
bred ewes maintained their weight during the trial as did the ewes first bred 
as yearlings. The early-bred ewes produced an av~rage of . 69 larnb, or 
30. 96pounds more of live lamb than the late-bred ewes. The' most noticeable 
difference observed in the two groups of ewes studied was the fact that the 
teeth of the early-bred ewes showed wear at an earlier age than those of the 
late-bred group. Bowstead (1930) conducted an experiment on the effect of 
breeding immature ewes and concluded that lamb breeding did not cause a 
decrease in mature weight. Ewe lambs bred at 9 months of age produced 
more lambs, heavier and thriftier lambs at two and three years of age than 
the yearling-bred ewes produced at the same age. Wether lambs from lamb-
bred mothers made as good gains during the suckling period as wether lambs 
from yearling-bred mothers. 
Wallace (1948) studied the effect of extreme levels of diet upon pregnant 
ewes during two periods- -early pregnancy and late pregnancy. He concluded 
that the level of nutrition prevailing during the period over which the gravid 
uterus makes the maximum growth is more important than the state of body 
reserves of the mother at thJ1.t time. 
Williams, et al. (1950) reported a cooperative study of pregnant ewes 
at five experiment stations in Canada. They concluded that legume hay gave 
more satisfactory results than did nonlegume hay, as indicated by ewe body 
weight, lamb weight, and vigor of lambs at birth. They found that a "change-
over" ration, in which nonlegume hay was fed during the early pregnancy 
period and legume hay during the late pregnancy period, gave results compa-
rable to those obtained when legume hay was fed for the entire pregnancy period. 
Ewes are sometimes fed concentrates before and during the breeding period. 
9 
This practice of "flushing" is generally considered beneficial for ewes in thin 
condition and results in high fertility. Hpwever, Darlow and Hawkins (1932) 
and McKenzie and Phillips (1933) suggested that this practice also allowed 
the ewes to be bred earlier. Darroch, Nordskog, and Van Horn (1950) com-
pared range ewes - -supplemented with beet pulp pellets during the prebreeding, 
breeding, early pregnancy, and late pregnancy periods- -with ewes which re-
ceived no supplementation. They concluded that no important effects on birth 
or weaning weights were observed from the feed treatments; however, flock 
fertility was increased about 10 per cent by feeding supplement in the pre-
breeding and breeding periods. Ewes in good condition produced 11 per cent 
more lambs at birth and weaning than the thin ewes. 
~ 
Neumann, Patton, and Gifford (1950) reported that lambs nursing ewes 
which were fed 1 gram of thyroprotein per 100 pounds of body weight daily 
significantly outgained a control group of lambs whose dams received a simi -
lar but unsupplemented ration. 
Thyroprotein, a substance possessing thyrotropic activity, has been shown 
by many workers to stimulate milk production of dairy cows if the thyroprotein 
is fed during the stfige of lactation when milk production is declining. Blaxter 
(1945) has suggested that, for best results, thyroprotein should be fed at a 
level that will raise milk yields about 20 per cent and that for this increase 
the feed intake s.hould be increased 20 per cent. This practice largely elimi-
nated the loss in body weight when thyroprotein was fed at a 15-gram level. 
Moore and Sykes {1947) stated that a 20 per cent increase in the feed intake 
of a normally fed cow not receiving thyroprotein will increase milk production 
about 13 per cent. If, by feeding thyroprotein, 20 per cent more milk could 
10 
11 
be produced with 20 per cent more feed, an increase of 7 per cent in milk pro-
' duction would be · left to pay for the the . .thyroprotein and the extra trouble in 
feeding . Thomas, Moore, and Sykes ( 1949) advocated the addition of extra 
feed (25 per cent over the requirement) when thyroprotein was fed. They ob-
served that poor-producing cows responded less than good producers and that 
it is not possible to make a good producer out of a poor producer by feeding 
thyroprotein. Blaxter (1945) stated that poor-producing dairy cows in milk 
for 10 weeks and yielding 20 pounds daily showed an average increase in milk 
production of 3. 8 pounds after receiving thyroprotein. The milk production 
of good cows in milk 30 weeks and yielding 30 pounds daily increased by 9. 1 
' 
pounds , on the average. 
Hibbs and Krauss ( 194 7) fed thyroprotein to cows at a rate of 1 gram to 
53 pounds of body weight. They reported an ip.crease in milk production that 
varied greatly from cow to cow. They also noted an increase in pulse and 
respiratory rates, as well as a decrease in body weight. 
Reece ( 1944) stated that the feeding of 10 grams of Protamone daily for 
3 weeks to a group of 5 dairy cows increased the butterfat content of milk from 
3. 62 per cent to 4.11 per cent. In a later paper, Reece (1947) observed that 
the daily feeding of 10 grams of thyroprotein to 9 cows resulted in an initial 
increase of 7. 6 per cent in milk production; the milk production of five cows 
receiving 15 grams of thyroprotein daily increased 19. 7 per cent. The aver-
age daily milk production in the second week after the withdrawal of thyro-
protein was 19. 5 per cent below that of the last week of thyroprotein feeding 
in 5 cows receiving 10 grams of thyroprotein; in three cows receiving 17 
12 
grams· of thyroprotein, the decrease was 34. 2 per cent. 
Bl~xter (1946) showed that iodinated casein could be placed into cubes; 
1 . 
I 
no los~ of potency occurred either during the moderately high temperature 
(not over 130°) or during subsequent storage under farm conditions. 
1. 
2, 
3. 
EXPERIMENT AL 
I 
i Objectives 
I 
I 
To study the effect of age at first calving upon subsequent performance of 
I 
I 
heif~rs kept as replacement breeding cows. 
To $tudy the effect of wintering at different levels of supplementation 
upon the nutritional status ot the animal and upon subsequent performance 
I 
of those heifers. 
i 
I To ~valuate these factors in terms of economy of production of replace-
merit cows in the herd. 
4. To determine the effect of supplemental summer feeding of two-year-old 
cow:s suckling calves. 
5. To 9-etermine the effect of feeding thyroprotein upon the cow and upon the 
sucfding 9alf. 
6. To determine the effect of different levels of wintering upon certain blood 
con!stituents indicative of the nutritional status of the animal. 
I 
Procedure 
One hundred twenty choice, weanling, Hereford heifers were selected for 
this study. One hundred five of the heifers were purchased from the Moon 
Ranch at Mill Creek, Oklahoma, and fifteen of the heifers were produced in 
i 
! 
the Experiment Station herd. The heifers were divided into eight lots of fif-
teen head each, in accordance with accepted experimental procedure, and 
i 
were started on the experimental rations October 28, 1948, at the Lake Carl 
I 
Blackw:ell Experimental Range. This range is located approximately 13 miles 
I 
west 0£ Stillwater, Oklahoma, on the north side of Lake Carl Blackwell. The 
I 
13 
supplemental feeding during the winter months was adjusted to provide for 
I 
I 
three r~tes of gain- -designated as low, medium, and high levels- -the gain in 
I 
weight Jeing the measure of the level of wintering. The level of feeding, des-
ignated J.ots was selected at random. 
I 
Lots 1 and 2, selected to be wintered at a low level, were fed to gain 0.90 
to 0.10 pound per head per day. Lots 3, 4, 7, and 8, to be wintered at a medium 
level, were fed to gain O. 40 to O. 60 pound per head per day. Lots 5 and 6, to 
I 
,--... I 
be wint,re<ifi , at a high level, were fed to gain 1. 10 to 1. 30 pounds per head 
per day~ 
Durtng the 1948-194~ winter phase (October 28, 1948 to April 18, 1949), 
' 
each grf>UP of heifers to be fed the designated levels of winter feeding--low 
i 
level (Liots 1 and 2), medium level (Lots 3 and 4), high level (Lots Sand 6), 
. . 
I 
and mefum level (Lots 7 and 8)--was placed in comparable 200-acre native-
1 
grass phstures to facilitate winter feeding. These pastures are a part of the 
experi£lilental range area north of Lake Carl Blackwell. The groups of heifers 
were rqtated among the four pastures, each group being grazed the same num-
ber of days in each pasture, to reduce possible dfects of pasture variation; 
the pastures. were originally fenced to be as uniform as possible. A statisti-
' i 
cal analysis indicated variation in the differebt pastures did not affect rate of 
winter ~ain. In addition to the dry, cured grass, the heifers were fed the fol-
lowing supplemental feeds~ Lots 1 and 2- - 0. 93 pound of cottonseed cake per 
I 
head da 1ily (considered to be a low level of wintering); Lots 3,4, 7, and 8--
, 
i 
1. 97 po]und,s of cottonseed cake per head daily (medium level of wintering); 
i 
and Lo1s 5 and 6- -1. 9~ pounds of cottonseed cake and 2. 69 pounds of oats per 
head d~ily (high level of wintering). Until June of 1949, the heifers grazed 
14 
i 
the same native-grass pastures they grazed during the winter. Throughout 
I 
I 
the wiq:ter and summer periods, all lots had access to a mineral mixture of 
I 
I 
2 part~ ground rock salt and 1 part steamed bone meal. 
I 
Unfortµnately, some heifers were found to be pregnant after the initiation 
of the experiment and were removed from the experiment the first winter. 
One heifer from each of Lots 1 and 5, two heifers from each of Lots 6 and 8, 
and th11ee heifers from each of Lots 4 and 7 were removed from the experi-
1 
ment. I These heifers were replaced with heifers from the Experiment Station 
herd which were of the same age and weight and which had comparable winter 
feeding. 
The heifers were pasture bred to registered Hereford bulls. The bulls 
were placed with tl:ie heifers of odd-numbered lots (1, 3, 5, and 7) on May 1,1949, 
and weire removed on September 1, 1949. In June 1949, the heifers of all lots 
I 
were r:emoved to the Fort Reno Experiment Station, El Reno, Oklahoma, and 
were g:razed in comparable native-grass pastures. The principal grasses in 
these pastures were Big and Little Blue stem and Indian grass. 
During the summer of 1949, several heifers developed fot rot. One Lot 3 
heifer :was taken from the experiment because foot rot developed to the extent 
that on:e toe had to be removed. A heifer of comparable age and breeding 
which had received about the same amount of winter feed was placed in Lot 3. 
Dur'ing the 1949- 1950 winter phase {October 25, 1949 to April 25, 1950), 
' 
the dry, native grass was supplemented as follows: Lots 1 and 2- - 0, 93 pound 
! 
I 
of cottpnseed pake per head daily; Lots 3, 4, 7, and 8- - 2. 32 pounds of cotton-
! 
seed clke per head daily; and Lots 5 and 6--2. 32 pounds of cottonseed cake 
and 2. [79 pounds of oats per head daily. The heifers of all lots had access to 
15 
a mindral mixture of 2 parts ground rock salt and 1 part steamed bone meal. 
Th~ heifers of Lots 1, 3, 5, and 7 started calving, as two~year-olds, in 
Februtry 1950. When the winter phase was terminated, the heifers of all lots 
I 
except: Lot 7 were placed in one large, native-grass pasture. The heifers of 
Lot 7 were grazed in a pasture providing forage and acreage per head com-
parabl~ to that grazed by other lots but were fed 1. 5 pounds of cottonseed cake 
and 3.5 pounds of oats from July 1 to October 9, 1950, at which time the 
I 
! 
calves] were weaned. This ration was fed to determine the effect of supple-
. I 
I 
mental feeding during part of the lactation period upon the ultimate size of 
the heifers at maturity, upon breeding efficiency, and upon size of the calf 
at weaning. All calves were dehorned at the age of approximhtely 4 months. 
The bull calves were castrated, and all calves were vaccinated for blackleg 
in Jun~ 1950. 
Bu:lls were placed with the heifers of all lots on May 1, 1950, and 
I 
remov:ed on September 1, 1950. The calves were weaned on October 9, 1950; 
I 
the summer grazing period ended October 31, 1950. 
D~ring the 1950-1951 winter phase (October 31, 1950 to April 23, 1951}, 
the dry, cured grass was supplemented as follows: Lots 1 and 2--0. 97 pound 
i 
cotton~eed cake per head daily; Lots 3,4, 7, and 8-~2.46 pounds cottonseed 
I 
cake Rer head daily; and lots 5 and 6--2.47 pounds cottonseed cake and 2.93 
pound!? of oats per head daily. The heifers of all lots had access to a mineral 
mixtu:i:-e of 2 parts ground rock salt and 1 part steamed bone meal. 
i 
I 
Al~ heifers started calving in February 1951. At the termination of 'the 
I 
winte1 phase, April 23, 1951, a!l lots were phu:ed'in one large, native-grass 
pastu:r;e and grazed together until July 2, 1951, at which time the heifers and 
l:b 
calves !of Lots 7 and 8 were removed a_nd placed in two different pastures 
providld forage and acreage comparable to the pasture grazed by the other 
I 
si,c; lot~. Froth July' 2; 1951, until the calves are weaned in October, the 
! 
cows ~f Lot 7 were fed the same supplemental;.,_:r·ation they received the pre-
vious summer--1.5 pounds cottonseed cake and 3. 5 pounds of oats per head. 
daily. ; The supplemental ration fed to the heifers of Lot 8 consisted of 1. 5 
i 
pounds cottonseed cake, 3. 25 pounds oats, O. 25 pound molasses, and 15 
grams thyroprotein~ In order to insure the daily consumption of 15 grams 
of thyrop-rotein by each cow, the feeds were thoroughly mixed and pelleted. 
Thyroprotein was fed to determine whether or not it would cause an increase 
I 
in milk ~rpduction in the heifers. The weaning weights of the calves are to 
I 
serve as an indication of the efficacy of the thyroprotein on .. milk production; 
I 
gain ~f loss_ in weight of the cows should give some information on the advis-
1 
' 
ability or danijer of feeding thyroprotein to beef cows during the summer 
; . 
' 
' 
month~. 
Bull caives were castrated April 9, 1951, and on May 28, 19~1, all 
calve~ were dehorned with "bell-irons11 ; all calves were w-accin,ated for 
blackl¢g. 
I 
j 
Bulls were placed with all heifers on May 1, 1951; the bulls to be-removed 
! 
Septethber 1, 195I. Calves are to be weaned about the middle of October. 
In order to evaluate the nutritional status of the animals, eight heifers 
from ~ach of the first six lots were bled from the jugular vein, at intervals 
! 
of applroximately. one mo~th. The blood was collected iri oxalated tubes and . 
was k~pt under refrigeration until aliquots were taken for the various chemi-
- I - ·-
cal delterminations •. The chemeical determinations made and the methods 
I 
17 
I 
I 
employed were plasma-carotene, Kimble (1939); plasma-inorganic phosphorus, 
! 
YounJburg and Youngburg (1930}; red blood cell count, i'ndirect turbidimetric 
I 
proce~ure using the Evelyn Colorimeter, turbidity readings standardized in 
I 
term& of red blood cell by direct counting procedures; hemoglobin, an acid 
hematin method standardized by the method of Wong (1928); plasma-proteins, 
I 
copper--sulfate specific gravity method of Phillips,~ al. (1945). 
The average plasma values of each ldiare presented in Table 4~ 
I 
I 
I 
Throughout this experiment, the following records were maintained: 
I . . 
1. Feed consumption and yearly feed costs. 
2.; Weights of heifers each 28-day period. 
3 .. Birth and weaning weights of calves. 
4. Breeding efficiency. 
5 Percentage calf crop. 
6., 'Calving dates. 
7 ,' Calving difficulty, if any. 
,· 
8. Blood composition. 
All supplemental feeds were analyzed chemically by A. 0. A. C, methods 
( 1945) ,. In addition, grass samples were collected periodically a:nd analyzed 
chemically, The samples=-Big and Little Blue stem and Indian grasses--
! 
were !collected from approximately the same area in each pasture; grass 
I 
was cut one to two inches above the ground and collected in paper bags. 
I 
Chem.icak compositions of feeds and grasses used in this experiment are 
given I in Table 5. 
I 
Tr.e data in this experiment was analyzed statistically by the methods of 
i 
S.nede!cor (1946). 
18 
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I 
1948-1949 
I 
RESULTS AND DISCUSSION 
ThJ result.s of the wintering and summer grazing of the first year are 
I 
! 
' shown }n Table I. 
Hei;fers of Lots 1 and .2, w_intered together at the low level on the range and 
fed 0 .• ~3-pound of cottonseed cake daily, gained only 28. and 17 pounds, respec-
. . 
tively, :fol'. the 172 days of the winter period.· The heifers in these ;wo lots 
i 
I 
were thinner than heifers of other lots but, nevertheless, were in a strong 
I , - . • 
and th:t1ifty condition. .The total cost of the winter feed was, $1 O. 65 per head. 
Lots 3; 4, 7, and 8, winter.ed alike at a medium level-- L.98 pounds of cotton-
! . 
seed c~ke per head daily, gained an average of 53. 5 pounds per head. This 
; 
gain w~s 31 pounds greater than the average gain of Lots 
! ; 
I 
,total w~nter feed cost, howev.~J;', was $18. 40 per head • 
. I 
I 
1 an~ 2:., The aver~~~ 
I 
Th~ feeding of 1. 98 pounds of cottonseed cake and 2. 69 pounds ,of oats 
: . . 
daily t<i> Lots 5 and 6 (high level of wintering) resulted in an average gain of 
' . 
88 pounds.· This gc!-in was 34{5 pounds greater than the average winter gain 
I . . 
i . . . . 
of Lot~ 3, 4, 7~ and 8, but little difference in thrift was observed among the 
six l~t~,~- The average winter feed cost,~£ Lots 5 and 6 was:_$31. 84 per h~~a::. 
This wintering cost was $21. 19 greate/ than the average cost per he~d of 
Lot-s 1 and, 2;· however, the gain of the h~ifers of Lots 5 and 6 was only 65, 5 
. . 
pounds' greater per hei~er than the gain of heifers of Lots 1 and ?·. 
! 
Duting the summer grazing season, the total average summer gains for 
all heJers wi~tered on low, medium, and high levels we.re 28'9• 5, 27 LO and 
. I 
! 
257. 5 pounds, respectively, whereas the average winter gains were 22. 5, 
I ·1 
53. 5, ~nd 88~ 0 poµnds,. Statistical analysis indicated that the difference in 
19 
'!'ABIE 1. 
GAIBS OF :BEEF DIF.l!:BS Wlltt.DED AT Dllli:EIOOtt IZVEI8 (1948-49) 
. - ---------- -
Lot number 1 3 5 1 2 4 
Level of winter1ng Low ~d High ~d Low led 
Heifers :per lot 15 15 15 15 15 15 
Winter Phase (172 days) 
Average·weights · 
Initial weight 10/28/48 473 471 476 481 473 461 
Final weight 4/18/49 501 529 561 536 493 520 
Total winter ~~n 28 58 85 55 17 59 
Daily gain .17 .33 .49 .32 .10 . .34 
Average Daily Ration (lbs.) 2 
Cottonseed cake .93 1.96 1.98 1.98 .93 1.96 
Oats ---- ---- 2.69 ---- ---- ----
RBDge Ad lib. Ad lib. Ad lib. Ad lib~ Ad lib. Ad lib. 
Ml.neral .07 .07 .01 .07 .07 .07 
Cost of winter feed 
:per heifer (dollars) 10.65 18.32 31.84 18.49 10.65 iS .. 32 
summer Phase (190 days) 
Averaf!,e weights · 
Initial weight 4/1%49 501 529 561 536 493 520 
Final weight 10/25 9 802 810 836 836 771 759 
Total summer gain 301 281 275 300 278 239 
Daily gain 1.58 1.48 1.45 1.58 1.46 1.26 
Average Daily Ration 
Range Ad lib. Ad lib. Ad lib. Ad lib. Ad lib. Ad lib. 
Mineral .02 . 02 .02 .02 .02 .02 
.6 
:High 
15 
470 
561 
91 
.53 
1.98 
2.69 
Ad lib. 
.07 
31.84 
561 
801 
24o 
1.26 
Ad lib • 
.02 
8 
Med 
15 
478 
520 
42 
.25 
1.98 
Ad lib. 
.07 
18.49 
520 
784 
264 
1~39 
Ad lib. 
.02 
N 
0 
TABm 1. (Continued) 
--:-Lot-number---~- -·· -· ·-·--- ----l.-- .... ··-· 3-·· -· - . :5 - ---- - ··· 1-- -- .. . .. .. .. -£ . -~- - .... Ji. . -· . - - ... 6 -----·8--·· 
.. , .... _.:.._ -· 
cost of summer feed 
- · per heifer (dollars) 14.07 14.07 14 .. 07 14.07 14.07 14.07 14.07 14.07 
Cost per cwt. gain (summer) 4.67 5.01 5.12 4.69 5.o6 5.89 5086 5.33 
Total gain from 10/28/'48 to 
10/25/49 .. 329 339 360 355 295 298 331 306 
Total cost of summer am 
winter feed (dollars) 24.72 32.39 45.91 32.56 24.72 32.39 45.91 32.56 
Cost per cwt. gain 
{ entire· year) 7.51 9.55 12.75 9.17 8.38 10.87 13.87 10.64 
Initial.value per head 
10/28/'48 (28.oo per ewt.) 
(dollars) · 132.44 131.88 133.28 134.68 133J?8 129 .. oa 131.6o 133.84 
1 Unfortunatel.3', some of' the heifers were .bred when purchased~-· - :Because of pregnancy, one heifer each from. Lots . 
1 and 5, two heifers each from. Lots 6 e:nd 8, am. three heifers each from. Lots 4 aud 7 were removed durill8 
the winter phase. Data reported herein are onq on those heifers that were open at the start of the 
experiment. During the summer of 1949, one heifer in Lot 3 was removed from. the experiment because foot 
rot developed to sueh extent that one toe had to be removed. This heifer was replaced with one from. tlie 
2 -Experiment Station Herd of comparable breeding and which had received comparable feed. 
During inclement weather, 2000 pOUllds of hq were fed to each lot. The cost and amount of hq f'ed is not 
included in the above table. 
Cottonseed cake 
Prairie Rq 
Oats 
Feed Prices 
Benge, winter phase 
summer phase 
Mineral m:1.xture 
$86.50 per ton 
· 13.00 per ton 
0.925 per bu. 
3.50 per head 
14.oo per head 
1.97 per cwt. 
N 
-
I 
I 22 
I 
summe_r gains was highly significant, ... .Data of. summer gains of.beef heifers 
I 
wi:nte .. rjed. at di.fie.rent l@.ve.ls are s-unilai:· to .tho.se r.eport.ed. by.. Dar.low, ~ ~. 
i 
(1945)t Ross et al. (1947), and Stephens, .et.al .•.. {l948i-. These wo.r,kers 
studie~ the sum.mer gains of steers wintered at different.le.vels and found that 
steers'. which gained the least during the winter gained the most during the 
summ~r. Steers wintered at low and medium levels were almost as heavy 
at the :end of the summer grazing season as those wintered at the high level. 
i 
Th:e heifers of Lots 1, 3, 5, and 7, which were exposed to bulls during the 
I 
summ~r grazing season, gained approximately 34 pounds more than the open 
heifer$; these differences in gain were highly significant. 
The total gain {winter and summer) for the low, medium, and high levels 
of wintering were 312. 0, 324. 5, and .345. 5 pounds respectively. 
Th:e year's total feed costs for the low, medium, and high level lots were 
! 
I 
I $24.,72, $32.39, and $45.91 per head. Although, for the year, the medium-
lot heVers made a total gain of 12. 5 more than heifers wintered at the low 
level, this additional g.ain cost $7. 67. The yearly gain of heifers wintered 
at the ihigh level was 33· •. 5 pounds great.er than the gain of heifers wintered at 
. ! 
the low level; this· additioni;i.l gain cost $ 21. 19. 
1 
At; the end of the first year, there was very little difference observed 
I 
amongi the lots in terms of total weight gain; however, heifers of Lots l and 
2 (low level) c;lid ~ot appear to be quite as "growthy" as those w,intered at the 
medium. and high levels. 
,p 
D~ta on cost of feed per hundred pounds gain are .. summa-r,iz.ed in Table 1. 
I . . 
Gains made by heifers of J,-,()t 1 (lo~ levei of ~intering) q.uring the first 
year lere a,pproximately twice as econo~~ca,l q.s'those '~~ge b~ L.ot 6 (high I ' ,.. . ' I . ' .,. 
level of winiering). 
1949- l 950_ 
Heife_r)s Calving as Tw:o"" Year,-Olds (Lots l, 3, 5, andJ 7) 
Pr:oduction data and weight gains during the second year are given in 
Table !2. 
At the start of the winter feeding period, the average weights of Lots 1, 
3, 5, and 7 were 802, 811, 836, and 816 pounds, respectively. All heifers 
lost w~ight from the onset of the winter-feeding period until calving and 
showecl. a loss in weight for the entire winter. The average winter loss in 
i 
weight; for the heifers of Lot 1 was 87 pounds. This loss was 48 pounds 
greater than that of heifers of Lot 3, 59 pounds greater than that of heifers 
of Lot: 5, and 14 pounds greater than the loss of Lot 7. Some Lot 1 heifers 
were ri.oticeably thin at the end of the winter-feeding period. During the 1950 
summ¢r grazing season, the heifers of Lot 1 made greater gains thah1 the 
\ 
I 
heifers of Lots 3 and 5, the summer gains for these lots being 207, 181, and 
193 pounds, respectively. Lot 7, which received additional feed during the 
summer, showed.:a gain of 244 pounds. The average weights of the heifers of 
' ' 
Lots !, 3, 5, and 7, on October 31, 1950, after the calv:es were weaned, were 
922, 952, 1001, and 995 pounds, respectively. - At this time, the heifers of 
Lot l (low level) did not appear to be mate;:ially smaller or less thrifty in 
appearance than heifers of the other lots. 
The heifers of Lots 3 and 7 were managed-alike each winter, but those 
of Lot 7 were fed a supplement during the summer, from July 1 until the 
j 
calvesl were weaned October 9, 1950. The heifers of Lot 7 gained 63 pounds 
I 
i 
more,j during the summer, than the heifers of Lot 3 and at the end of the 
summbr grazing period weighed 43 pounds more; however, at weaning, 
23 
(1911,9-50) 
~sed to bul_l summer 1949 
-Lot. nmnber ... _:: ... :l ::_·~ · 3-. ~ .. -- ...... 5- · . .7. 
Lever at nnteri:og 
Heifers per lot 
Avereeei Weights 
Initial weight 10/25/491 
Weight prior to calving 
. 2/2/50 
Gain up to calving 
Final weight 4/25/50 
Total winter gain 
Daiq gain 
Average Dai~ Ba.tion (lbs.) 
Cottonseed cake 
oats 
Re.Dge. 
Mineral 
Cost·ofvinterfeed per 
heifer (dollars) 
Averaee· Weights 
Initial weight %25/50 
Final weight 10 31/50 
Total summer gain 
Daiq gain 
,. . ..... ' 
Average Daiq Ration (lbs. ) 
Low !bd High H:,d 
.. 15 15 15 15 
Winter Phase ( 182 d~s) 
802 811 836 816 
786 798 831 800 
-16 -13 -5 -16 
715 771 8o8 751 
-87 -39 -28 -73 
-.48 -.21 -.15 -.4o 
.93 2.32 2.32 2.32 
---- ---- 2.79 ----
Ad lib. Ad lib. Ad lib. Ad lib. 
.07 .07 .07 .07 
10.91 19.39 31.91 19.39 · 
Summer Phase (189 d~s) 
715 771 8o8 751 
922 952 1001 995 
207 181 193 244 
1.10 .96 1.02 1.29 
Bmige .. . Ad lib. Ad lib • Ad lib. Ad lib. 2 
Mineral .02 .02 .02 .02 
Open 
. - -2 ~---- ----~-:Ji; 
Low Med 
15 15 
771 758 
782 788 
11 30 
.o6 .17 
.93 2.32 
---- ----
Ad lib. Ad lib. 
.07 .07 
10.91 19.39 
782 788 
1103 1066 
321 278 
1.70 1.47 
Ad lib. Ad lib. 
.02 .02 
b-:~ ~-=---a.~---·-·· --~~-
High Med 
15 - 15 
804 779 
825 199 
21 20 
.11 .11 
2.32 2.32 
2.79 
Ad lib. Ad lib. 
.07 .07 
31.91 19.39 
825 799 
1104 1082 
279 283 
1.48 1.50 
Ad lib. Ad lib • 
.02 .62 
N 
~ 
I) 
Lot number 1 
Number of calves born 11'-
Nwnber lost at time o:f birth 1 
Nwnber of heifers helped 6 
Average calving date, .Me:rch 23 
Average birth weight 69 Per·ce:nt-calf' crop 87 
Average wanitlg ·weight 
_ ~ calves. 10/9/50 4o6 
Total :feed cast· per heifer 
JD/2811t8 to 10/31/50 
(dollars) 50.70 
TABm 2. (ContiDued) 
7 
-
153 13 l~ 
1 2 2 
8 4 10 
15 17 5 
65 70 66 
93 73 80 
4olt. 391 416 
66.85 92.89 81)u3 
·.Open·· 
2 4 6 8 
50.70 66.85 92.89 67.02 
1 Differences in :fiD.al weights for the :first year -of the trial, October 25 1 1949, atld the initial weight for 
the beginning of' the 1949-50 wintering phase of the experiment were due to the aubstitution of additional 
heifers -for those· removed from the experiment because of pregnancy the first year. In genera.11 the heifers 
· substituted had been lll8ll8g9d in· the eeme manner es those heifers of the lot 1.n·which they were placed. 
? Froii( J'u]Jr- 1, · 1950 fultil October 9; · 1950, wen the calves were wee:oed~ 'the heifers of Lot 7 received a 
3 -supplemental ratio.n o:r· 1.5 pounds cottonseed cake and 3.5 pomids oats per heed per de)'. One C()W' in Lot 3 dled during calving (Apri 1 25, 1950). · · · 
4 One cow·i:n I.ot Twmf inJured during calving. Calf born deed March 14, 1950. Cow subsequent~ failed to 
conceive end was :marketed June 8, 1950. 
Cottonseed cake 
Oats · 
Feed Prices 
Ba:nge, winter phase 
· sUJIJJller · phase 
Mineral mixture 
$67.00 per ton 
O. 79 per bu-. 
4.oo per head 
15.00 per nee.cl 
1.91 per cwt. 
N 
U1 
26 
calves of Lot 7 were only 12 pounds heavier .than those oi Lot 3. The addi-
tional weight gain of the Lot 7 cows and their calves was obtained at an addi -
tional cost of $14. 46. 
' The average weaning weights of the calves from the .heife:c.s of Lots 1, 3, 
5, and 7 were 406, 404, 391, and 416 pounds, respectively. The level of 
wintering of the heifers appeared to have little influence upon the weaning 
weight of the calves. The percenfage calf crop weaned from the heifers of 
Lots l, 3, 5, and~ was 87, 93, 73, and 80, respectively. Again, the low 
level of wintering did not adversely affect the number of calves weaned. The 
heifers of Lot 5 (high: level) had the lowest percentage calf crop. 
The average calving dates for Lots 1, 3, 5, and 7 were March 23, 15, 17, 
and 5, respectively. The respective average birth weights of the lots were 
69, 65, 70, and 66 pounds. As shown in Table 2, a total of six calves from 
all lots was lost at the time of birth; from four to ten heifers in each lot 
were given assistance at the time of calving. One cow in Lot 3 died during 
I 
calving; o?e cow in Lot 7 was injured in calving and was later marketed. 
One heifer each in Lots 1 and 7 and t:wo heifers in Lot 5 failed to breed. 
The total feed costs for the two-year period for Lots 1, 3, 5, and 7 
were $50. 70, $66. 85, $92. 89, and $81. 48, respectively. 
On the basis of the results of one year, it would appear that heifers bred 
to calve at two years of age and wintered at a low level can produce satisfac-
torily. 
On October 31, 1950, the two-year-old heifers which had been suckling 
calves weighed from 100 to 175 pounds less than comparable dry two-year-
olds. These results are in general agreement with data reported by Withy-
combe, et al. ( 1930) • 
Heifers Exposed to Buns in Summer of 1950 only (Lots 2, 4, 6, and 8) 
All heifers made a slight gain during the winter, the heifers of Lot 2 (low 
level). making the least. During the summer grazing season, the greatest gain 
was made by Lot 2 heifers. The average weights of heifers of Lots 2, 4, 6, 
and 8, on October 31, 1950 (the end of the summer period), were 1103, 1066, 
1104, and 1'082pounds, respectively. 
The total feed costs per heifer fo:r the two years of the experiment for 
Lots 2, 4, 6, and8 were $50.70, $66.85, $92.89, and $67.02, respectively. 
After a consideration of the total gain and total cost of feed, it would appear 
that the most economical method of producing replacement heifers bred to 
calve at three years of age is to winter them at a low level (1 pound of cotton-
seed cake per head per day plus dry grass). At the end of two years, the 
heifers of Lot 2 (low level of wintering} weighed approximately the same as 
heifers of Lot 6 (high level of wintering). The additional feed for heifers of 
Lot 6, above that fed the heifers of Lot 2, was provided at the cost of $42. 10 
per heifer for the two-year period, 
1950, 1951 
Heifers Calving as Two-Year-Olds (Lots l, 3, 5, and 7) 
Data on ,veight: gains, feed costs, and calf production during the third year 
are shown on Table 3. 
27. 
The heifers of all lots lost weight from the onset of the winter period until 
calving; however, heifers of Lot 5 (high level) lost about one-fourth the weight 
lost by heifers of other lots. The total losses in weight during the winter period 
for heifers of Lots l, 3, 5, and 7 were 209, 194, 144, and244 pounds, respectively. 
\ TABIE 3. 
wmm GAIISJI EDD COSTS AllID PBODtJCTIOll D.A'fA OF BBIFERS Witl.i:kRID AT DIF.l!:!RD'J: IBVEIS (1950-51) 
~~~~~~~~~~.....,~~~~~~~~~~~~~~~~~~~~~~~~~~~ ...... ~~~~~~~~~ ...... ~~~ ...... ~~~~~~~~~~.....,.....,~ ............ ~~~~~ ...... ~~~.....,.....,~~.,...~~.....,~~----~-----~-~ 
Lot number 
Level of wintering 
Heifers per lot 
Averaee Weights 
Initial weight 10/31/50 
Weight prior to calviug 
2/29/51 
Gain up to calving 
Final weight 4/23/51 
Total winter gain 
Daily gain 
Aver'Bf!,0 Daily :Ration (lbs.) 
Cottonseed cake 
Oats 
Range 
Mineral 
Cost of winter·feed per 
· heifer (dollars) 
AveragEf Weights 
TnitiS.l weight 4/23/51 
Weight 7 /2/51 -
Total summer gain to 
-7/2/51 . . .... 
Daily gain to 7/2/51 
Veight 7 /28/51 
Ga.in from 7/2/51 to 
·· 7/28/51 
Daily gain to 7 /28/51 
Exposed to bull SlllDDlers 1949 am 1950 
l 3 5 7 
Low M9d High Med 
15 14 15 14 
922 
864 
-58 
713 
-209 
-1.20 
.':fl 
Ad lib. 
.03 
11.61 
713 
8':fl 
184 
2.65 
911 
14 
2.06 
Winter Phase (174 de.ye) 
952 
901 
-51 
758 
-194 
-1.12 
2.46 
Ad lib. 
.03 
21.70 
1001 
988 
-13 
857 
-144 
--- .83 
2.47 
2.93 
Ad lib. 
.03 
36.60 
995 
941 
-54 
751 
-244 
-l.4o 
2.46 
Ad lib. 
.03 
21.70 
Summer Phase (96 deys) 
758 
941 
l.83 
2.61 
967 
26 
2.18 
857 
1013 
156 
2.23 
1026 
13 
1.76 
751 
933 
182 
2.60 
950 
17 
2.07 · 
:Exposed to bull s~~ 1950 only 2 4.. 6 -----8 
Low Med High. Med 
15 15 15 15 
1103 
1026 
-TI 
795 
-3o8 
-L77 
.gJ 
Ad lib. 
.03 
11.61 
795 
1006 
211 
3.01 
1026 
20 
2.4o 
1066 
1025 
-41 
830 
-236 
-1.35 
2.46 
Ad lib. 
.03 
21.70 
830 
1012 
182 
. 2.60 
1024 
12 
2.02 
1104 
1097 
=1 
905 
-199 
=l.14 
2.47 
2.93 
. Ad libo 
.03 
36.60 
905 
1085 
180 
2.56 
1097 
12 
2.00 
1082 
1024 
-58 
821 
=261 
=lo50 
2.46 
Ad libo 
.03 
21.70 
821 
1020 
199 
2184 
968 
.. 52 · · 
1.55 
N 
00 
T.ABIB 3;. (Cpntinued) 
__ __ ____ Eroosed to bull . summer§ 1Qkg_ am. 19'50 . 
-- Enosed t.o bull- -SUDDDer -1220 -onlv-
Lot number -1 3 5 7 2 4 - . 6 8 
Average Daily :Ration (lbs) 
Ad lib. 2 Ad_lib} Rmige Ad libo Ad libo Ad lib. Ad lib. Ad lib. Ad lib. 
Mineral Ad libo Ad lib. "Ad lib. Ad lib. Ad lib. Ad lib. Ad lib. Ad lib. 
Bumber of- calves born 14 14 13 llf. 15 14 14 15 
lfumber lost at time of birth 0 1 0 0 0 0 2 1 
lfmnber or· heifers· helped 0 0 0 0 0 0 1 0 
Average calving date 3-13 3-14 3-7 3-5 3-5 2t26 2-21 2-26 
Average birth weight 67 69 72 71 69 65 70 64 Per• cent ·calf' crop. - 93 93 87 100 100 93 80 93 
.Aver~ weight of calves 
7/2 51 245 244 275 270 262 265 286 258 
- 7/28/51 29l, 273 326 329 313 307 339 3o8 
Gain in weight of calves 
from 7 /2/51 to 7 /28/51 49 29 51 59 51 42 53 50 
~otal -:feed cost per heifer 
l.0/28/48 to 4/23/51 
(doll.are) 6~.31 88.55 129049 103.lB 62.31 88.55 129.49 88.72 
l One heifer in Lot 8 died of lllldetermined causes on Juq 7, 1951. 
2 From· Juq 2, until the calves are weened 1n October 1951, heifers of Lot 1 will receive a dai]J' supplement. of 
1.5 pom:llls cottOilSeed cake am. 3o5 poums oats. 
3. Frair J'uq 2; unti1 the calves ere weaned in October 1951, heifers of Lot 8 will receive a daiq supplement of 
1. 5 pounds cottonseed cake, 3 • 25 pounds oats, 0. 25 poUDd mo lesses and 15 grams thT,tooprotein. 
Cottonseed cake 
Oats 
Feed Prices 
RSJ:Jge, winter phese 
s_UDDDer phase 
Mineral. mi:rtlll"e 
$77. 50 per ton 
0.93 per bu. 
5.00 per head 
15.00 per head 
l. 79 per cvt o 
-- -------
N 
'° 
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Lot 7 heifers, which had received additional feed the previous .summer, lost 
the most weight. The average weights in April 1950 . (the. end, of -the winter-
feeding period) were 715, 771, 808, and 751 pounds, respectively, for the 
heifers of Lots 1, 3, 5, and 7. The respective weights in Apr..i.Lt9,51 were 
713, 758, 857, and 751. Lot 3 heifers had apx:r.ss of 13 pounds, Lot 5 a gain 
of 49 pounds, whereas the heifers of Lots l and 7 maintained, approximately, 
the same average weights, 
The percentage calf crops from the heifers of Lots 1, 3, 5, and 7 were 
93, 93, 87, and 100. Lot 1 heifers, wintered at a low level, had a higher per-
centage calf crop both years than heifers of Lot 5, wintered at the high level. 
The heifers of Lot 7, which received additional feed during the summe.r, pro-
duced a 100 per cent calf crop. 
I 
The average calving dates of the heifers of Lots 1, 3, 5, and 7 were 
' I 
March 13, 14, 7, and 5. The low level of wintering did not adversely affect 
the breeding efficiency of the Lot 1 cows. 
I 
Birth weights of calves· for Lots l, 3, 5, and 7 were 67, 69, 72, and 71 
pounds, respectively. No help was required for .heifers at the time of calving; 
only one calf (lot 3) was lost at the time of birth. 
The average weights of the calves on July 2, 1951 were 245, 244, 275, 
.'' I 
and 270 pounds for Lots 1, 3, 5, and 7. The weights of these calves on July 28 
were 294, 273, 326, and 329 pounds, respectively. The calves of Lot 7, whose 
dams were receiving additional feed from July 2 until weaning time. made a 
greater gain in weight during this 26-day period than did calves of any other 
lot. 
I 
I 
Frbn:i Apr.it 2.3., 19S1 untiLJuly 28, 1951, the. summer gains of all heifers 
were alout the same, except.for the high~.level heifers. of Lot 5whose gain was 
approximately 3-0, pound.a. less .. than the gain of heifers. of o-ther lots. 
The tofal fe.ed c.osts, from October. 28, 1948 to Ap.ril 23~ 19.5.l, for the 
heifers of L.ots 1, . .3, 5, and .. 7 .. w.e.re $62,..31, $88.55, $129.49, and $101.18. 
At the. present time,. on the basis of :two. y:e.a'.x·s'• data:,:= it wou.ld appear that 
replacrment heifers bred.to calve at two. years ofage can be winte.red at a low 
I 
I 
level a!nd still produce s.atisfado.rily. Unles.s. s.ubs.equenLperio.rmanc.e of 
i • • 
heifers wintered at a low level is. very poor, .it would a1;1pear that the practice 
of wintering replacement heifers bred to calve at two years. of.a,ge. at a high 
·' 
level of nutrition is less economic:1al than wintering the.mat a low level. 
On~ heifer in Lot 1 and two heifers in Lot 5 failed to produce calves in 1950 
I 
and 1951. In 1950, one heifer in Lot 7 weaned a calf weighing 295 pounds. 
r 
I 
I , ' 
_This 'Weight vvas 121 pounds les$ than the lot average~ The calf produced in 
1951, py this same heifer, weighed 225 pounds on July 28. This weight was 
104 pounds less than the lot ave:rage. The birth date of the calves for both 
I ! 
years :Was earlier than the average of the lot. 
I 
Heifers Calving as Thr.ee= Year-Olds {Lots 2,4, 6, and 8) 
The heifers of Lot 2 {low level) lost average of 77 pounds from the start of 
the winter period up to calving, whereas the heifers of Lots 4, 6, and 8 lost 41, 
7, and 58 pounds, respectively, fcfr the same period. The average total losses 
for th~ heifers of Lots 2, 4, 6, and 8 during the winter period (including loss 
at cal+ng) were 308, 236, 1~9, and 261 pounds, respectively, Weight losses 
were f
1
rom SO to 100 pounds gre~ter than losses of heifers of Lots 1, 3, 5, and 7, 
! 
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all calving for the second time. The average weights at. the start. of the winter 
period :for the heifers ofL.o.ts 2. 4, 6, and .. 8 were 1103, 106.6, 1104., .. and 1082 
pounds, respectively, whereas at the .end. of the winter period., the respective 
weights were 795, 830~ 905, and 821 !)Ounds. During the winter the heifers on 
the low :level of wintaering (Lot 2) lo.st the most weight. · 
' I 
To date, the heifers of Lot 2 have made the greatest gains during the sum-
mer grazing season, an~. as of July 28, 1951, the average weights were 1026, 
1024, 1097, and 968 pounds, respectively, for .heifers of Lots 2, 4, 6, and 8. 
I 
The .percentage calf crops for the heifers calving for the first time as three-
year-olds were l 00 for Lot 2 and 80 for Lot 6; the heifers of Lots 4 and 8 
averaged 93. The heifers of Lot 6, wintered. at a high level, had the lowest 
percentage calf crop. This was true of the Lot 5 heifers winter,d at a high 
level anFI calved as two-year-olds. 
I 
One ,heifer (Lot 6) required help at the time of calving._ Two of the three 
calves. lost at the time of birth were in Lot 6. 
The heifers calving as three-year-olds for the first time calved from one 
to two weeks earlier than three-year-old heifers which were calving for the 
second time. The heifers of Lot 2 calved an average of one week later than 
I 
heifers of Lots 4, 6, and 8. 
The ,average birth weights of calves of Lots 2, 4, 6, and 8 were 69, 65, 101,· 
and 64 pounds, respectively. The average weights. of the calves on Jij.ly 2, 1951 
were 262, 265, 286, and 258 pounds, respectively, for Lots 2, 4, 6, and 8. On 
I 
July 28,! the average weights were 313, 307, 339, and 308 pounds. There was 
i 
little difference in weight gain of the calves during this. twenty-six day period; 
I however, Lot 8 calves gained an average of 8 pounds more than calves of Lot 4. 
! 
i 
32 
Loi 8 heifers given a supplemental ration comp.osed. of 1.5 pounds cotton-
seed t:ike\, 3. 25 pounds oats, and 0. 25 pound molasses, and 15 grams of thyro-
proteij from July 2, 1951 until the calves are weaned on October, lost an 
averagl of 52 pounds per head for!he first twenty-Six feeding period. This 
. -
loss in weight of cows receiving thyroprotein is in agreement with work re-
J)Orted jby Blaxter (1945) and Seath (1945).' 
. I . 
After a consideration of total weight gain and total cost of feed, it would 
I - - -- -- - - - -
appear [tnat the most economical method of producing replacement heifers 
• i . 
b::red toi calve at three years of age is to winter them at a low level. Under 
conditicrms of this study, heifers fed 2.5'~ pounds cottonseed cake or 2. 5 pounds 
I - -
cottonsred cake plus 3 pounds oats, per h~atl per day, during the winter were 
not sup~rior in size or appearan.ce to heifers which received only 1 pound of 
I 
cottonseed cake. 
I 
Mc<Campbell ( 1920) stated th~t the developrnent of heifers without grain 
and br~d to drop their first calves at three years of age is the most practical 
I 
I 
method: under range and semi-range conditions. 
! 
I 
I 
Blood Qomposition 
-- . 
TP,el lowest blood plasma-carotene levels were found to ,occilr during the 
months\of January, February, and March. This low level was probably due 
I - - ·'' -
- I . - - - . _-_- _·-__ -_ -- - -
to the fact that the carotene content of the dry, cured grass was at a minimum 
during lhis period. The heifers of Lots 1, 3, and 5, exposed to bulls during 
the sujmer of 1949, tended to h_ave slightly higher plasma-carotene levels-_ 
th~n thj respective open heifers wintered at the same level. ._ This difference 
I 
was not1ed particularly from October 1949 to April 1950,. During the first 
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TABI.E !~. 
(U:nJts :per 100 .ml :plasm.a.) 
I AVERAGE BLOOD CONBTIWE1'1TS OF \.'EE HlH&"'.liRS 
-··-· -·'-="""----=~~·-- ,,,_,... "'~ ------ ·---------
1 
Lot 191-1-8 
No. 10/28 12/9 
l 
2 
3 
4 
5 
6 
1 13.1 
2 · 13,,9 
3: .. 13,7 
4 14. l 
5 13~3 
6 13.4 
l 
3 
4 
i::; 
,/ 
6 
l 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
i 
. I 
6}0 
7.p2 
7.:04 
6.87 
6.66 
7.02 
114 
121,1, 
81 
72 
99 
79 
10.8 
12.8 
12,7 
12,9 
12,7 
11.1 
4.90 
4.93 
5,29 
5,42 
5,97 
5,47 
8;06 
7,60 
7,30 
7,74 
7,93 
7,82 
96 
96 
72 
74 
52 
46 
13.2 
13 .6 
14.2 
14,2 
13,7 
14.1 
6.63 
6.68 
6.41 
6.66 
6.84 
7,12 
6.7 
5;9 
5~2 
5;4 
5;8 
6,3 
Carotene .fu;g_g). · 
60 432~ 521 
61 492 628 
46 434 509 
43 408 485 
28 522 586 
23 389 474 
Hemoglobin~ 
13.8 13.l 13.1 
13,8 12.9 12.3 
14,l 13.0 13.2 
14.4 13.0 12.6 
14.2 12.8 14.o 
13,0 12.8 12.2 
B ~ Q (millions l 
5,98 5,84 5.62 
5,80 5,69 5.50 
5,13 5,76 5.84 
5,o8 5,56 5.19 
5. 89 5. 87 5. 74 
6.05 5.77 5,27 
Plasma Protein ..(eyis_)_ 
7.43 7.09 7.91 
7,31 7.32 7.79 
7,17 7.10 7.80 
1.29 7,23 7.59 
7;36 7.16 8.06 
7,(58 7.20 7.74 
401 
.517 
462 
535 
483 
536 
13. l 
13.3 
13.1 
12,8 
12.7 
12.6 
5,77 
5,74 
5,76 
5, 73 
5, 73 
5,75 
7,65 
7.56 
7,59 
7.61 
7.45 
7,56 
5,2 
6~0 
5,4 
5,6 
4.8 
4.8 
811 
446 
729 
469 
748 
456 
12.2 
12.6 
12,8 
12.6 
12.6 
12.1 
5,92 
6.30 
6.40 
6.34 
6.25 
6.20 
7,95 
7,77 
7.88 
7.76 
7.46 
7.57 
5,0 
5:3 
5~0 
5:3 
5.1 
5.0 
12/6 
412 
376 
352 
291 
526 
441 
12.9 
12.5 
12.1 
12.0 
12.7 
12.4 
5,63 
5,63 
5,41 
5,52 
5,63 
5,52 
5,9 
6;o 
6:o 
6:7 
6;2 
6.1 
_:J:25..Q_ 
1/3 
288 
235 
260 
224 
260 
223 
13 .o 
12.8 
13.4 
13 .4 
13. 7 
13.8 
6.22 
6.16 
6.30 
6.49 
6.42 
6.76 
7.65 
7.77 
8.03 
8.31 
8.05 
8.20 
5,1 
5.2 
5;8 
6~2 
5:7 
5.9 
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'.?ABIE 4. (Continued) 
Lot 
· 272a 3728 19AO 6728 7724 a731 1079 . 10731 No. 272 4725 531 
Cerotener 
1 304 388 751 1124 11 . · 1050 1058 899 907 699 
2 267 358 986 1127 994 lo82 1014 876 799 651 
3 208 451 853 1251 1196 958 lc:>03 944 991 718 
4 172 407 1039 1139 1035 1084 1003 848 769 620 
5 198 401 842 1403 1037 1014 1044 900 863 630 
6 198 399 909 1151 962 996 941 778 721 634 
Hemoglobin (ams) 
1 13.0 12.0 12.5 12.2 12.0 12.4 13.4 12.6 12.1 12.J 
2 13.2 12.9 12.6 13.2 12.6 12.8 14.2 13.4 12.9 12.8 
3 13.l 13.5 14.o 13.4 12.6 13.2 13.9 12.7 12.5 12.3 
4 12.4 13.2 13. 7 13. 7 13.3 12.9 13.9 13.4 12.5 12.8 
5 131~2 12.7 13.0 13.0 12.7 12.4 13.7 12.5 12.0 12~2 
6 13.6 13 .1 12.9 13.5 12.9 12.9 13.8 12.9 12.3 12.5 
R ~ Q (millions) 
1 6.12 5.35 6.38 6.09 5.44 7.50 6.36 5.88 5.49 5.51 
2 6.28 5.74 6.14 6.52 5, 73 7.64 6.57 6.11 5.69 5.75 
3 6.o6 5.73 6.52 6.38 5.68 7.43 6.63 5.98 5.52 5.50 
4 5.86 5.72 6.51 6.44 6.03 7.48 6.70 5,93 5,38 5.62 
5 6~38 5.47 6.26 6.97 5.51 7,36 6,53 5.99 5.84 5.59 6 6.68 5.59 6.24 6.44 5.60 7.37 6.50 6.11 6.04 5.49 
Plasma Protein (PJJJS ) 
l 7.!17 7.68 7.88 8.11 8.14 8.29 7.96 1.94 8.11 8.23 
2 8.16 8.01 7.76 8.20 8.33 7.74 7.79 8.00 8.oo 7.85 
3 8.08 8.19 8.o8 8.41 8.14 7.70 1.10 7.84 7.94 8.01 
4 8. ll.2 8.20 8.23 8.24 8.34 7.94 8.06 7.82 7.74 7.52 
5 8~52 8.23 7,79 7.86 8.12 7.70 7.80 7.63 7.68 7~52 
6 8.66 8.54 7.95 8.24 8.44 7.92 8.23 8.o8 7.96 7.72 
;fhost>horus (p:ms) 
1 5)1. 4.6 5.1 4.4 5.0 5.5 5.1 5.7 4.9 5.9 
2 5~4 "'6 6.3 6.o 6.2 5.8 5.8 5.8 5.0 6.2 .,, . 
3 5.7 4.7 5.2 6.5 5.7 5/i 5.4 5a2 4.7 6.o 
4 5.9 5~7 6.5 6.3 6.3 6 l 5.8 5,6 ,., 6.4 . .
5 5;8 5~8 5.7 5.4 5.7 5.2 5.7 4.9 4 .. 6 5~8 6 6!4 6.1 6.4 5.7 6 .. o 5.9 6.2 5.0 5.1 5.9 
r 
! 
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'fA:BIE 4. (Continued) 
i 
I 
... r· . 
Lot 
~£ 1221· ... 7/2 Bo. 1/4 1/29 2/26 . 3/26 4/23 5/28 7/28 
Carotene (mes} 
l 233 83 49 45 193 757 1418 1063 1009 
2 245 79 46 4o 215 843 1378 979 838 I 62 29lt, 942 1273 863 863 3 f32 97 53 
4 
~3 75 47 57 251 967 1262 885 881 
5 16o 57 41 53 321 978 1]34 767 656 
6 I 62 45 41 296 1104 1217 718 818 159 
l 11.a ll.8 11.7 
Rempglob1n~ 11.3 11. · · 11.3 ll.C) 11.5 ]3.3 
2 12~6 12.7 12.4 12 .. 5 12.5 ll •. 7 11.9 12.2 13.7 
3 12.5 l.2.4 12.6 12.7 ]3.0 11.9 ll.8 12.5 14.l 
4 .12.3 12 .. 5 13.0 12.9 12.5 12 .. 5 12.2 12.8 ]3.9 
5 l+.8 11.9 ]3.1 12 .. 2 12.3 11.9 11 .. 5 12.2 ]3.2 
6 1,.3 12.5 13.2 12.l i.3.,1 12.0 10.7 , 12.6 13.7 
. I l~i C (millions) 
l 5 1oa 6.13 5.20 5~04 ·· 5.64 4.95 5~07 7. 16 6 .. 04 
2 5J 13 6.37 5.47 6.oo 5.49 5.10 5.,49 7.80 6.23 
3 5~29 6.o8 5.35 5.Jta 5.88 4.93 5.45 7.62 6.30 
.4 5,12 6.10 5~43 5.51 5.55 5.00 5.57 7.79 6.38 
5 5~00 6.10 5.56 5.34 5.73 4.76 5.16 8.02 6.o8 6 5,16 6.32 5.61 4.51 5.72 4.76 5.44 7.88 6 22 ... 
i ~ Protein (p:ms) 
l 7~88 7.71 8.11 • 7.25 7~53 7.80 8.13 S.68 
2 7~44 7.34 7.73 7.21 7.42 7.67 8.05 8.13 ~ .• 46 
3 8119 7.8; 7.95 7.89 7.64 1.89 7.95 8.11 8·.59 
4 7;r8 7.90 8·.i02 7.85 7.71 8.10 8.05 7.95 8.78 
5 8;06 7.94 8.53 8.16 8.30 8.31 8.25 7.96 7.71 
6 7~84 8.00 8.4o 7.52 8.33 8.24 8.30 7~93 ,.01 
.; PhoS'Dhorus (as) ! 
l 6.9 5.3 6.o 5.9 5. 7 ·, 4.2 5.6 4 .. o 4.o 
2 6.5 4.9 5.7 5.8 6.o 4.o 5.2 4.2 3.6 
3 5~6 5~3 7.9 7.3 6.1 5.1 5.3 4.3 3~8 
4 6.8 5~8 6.8 6.8 6.8 4.6 5 .. 4 4..3 3 .. 8 
5 Q.8 6.1 6.6 6.6 6.3 4.7 5.,3 Jt..4 3.8 
6 6.5 5o7 6.2 5.4 5.5 5.2 5.5 4.2 3.9 
wintei of the experiment, the heifers in the lots wintered at the low level 
(Lots 1 and 2) had higher carotene levels than those of the othe,r, lots. This 
fact sfggested the possibility that the heifers of Lots 1 and 2 were gr~zing 
more or at least eating greater amounts of green winter grasses found grow-
ing in limited amounts in pastures, During January and February 1951, the 
· average· carotene values of the lots ranged from 40 to 97 micrograms. No 
i 
vitam~n A deficiency symptoms were observed in any of the heifers. Payne 
I 
and Kingman (1947) reported that aged Hereford cows in Colorado have nor-
mal health and reproduction with as little as 83 ,micrograms of carotene per 
100 milliliters of plasma. 
The lowest inorganic blood pasma-phosphorus levels of the heifers were 
I 
obserted at the initial bleeding,· October 28, 1948, and at the final bleeding 
on Jul!y 28, 1951. Consistent differences among the lots were not observed 
I 
until tihe fall of 1949 •. From October 25, 1949 to May 31, 1950, at almost 
every bleeding date, the heifers of Lots 1, 3, and 5 had lower phosphorus 
levels, thli',n the respective open heifers of the lots wintered at the same level. 
This ~ower level of blood phosphorus may have been due to the greater de-
I 
mand for phosphorus entailed by the growth of the fetus and by subsequent 
.· lactation, .. 
During the winter and early spring months, the heifers wintered at the 
low level (Lots 1 and 2) tended to have lower pla~ma-protein levels than 
heifers of other lots. In general, the heifers of the odd-numbered lots 
' 
suckl~n..8 calves had lower plasma-protein levels during the spring months 
i 
of 1950 than open heifers of Lots 2, 4, and 6. No consistent differences in 
i 
plas~a-protein levels were observed ·du:dng:1951. 
37 
I 
Consistent differences in number of red blood cells among the lots 
were not observed. 
T~e heifers of Lot 1 tended to have slightly lower hemoglobin levels 
I 
I 
at nearly every bleeding date than heifers of other lots; however, very 
little difference was noted among the other lots. 
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-TABIE 5. 
•-
AVERAGE CEEMICAL ANALYSIS OF F.IEDS AND . GRASSIS; AVERAGE OF· TWO DABS 
Percent 
dry ·-- Per cent com~ositiozf of dr.;t matter 
Matter Ash Protein Fat Fiber - N.F.E. Ca. P. 
Cottonseed cake 92.95 6~52 43.76 7.34 8.o8 34.30 .24 1.10 
Oat"e: 
cured Grass1 
88.60 3.88 14.66 2.92 10.68 67.86 012 .37 
Mei-- 9.18 9.45 3.13 29.19 49.05 ,30 ,217 
Jfuie 8.34 7.20 3.11 32.86 48)1-9 .284 .183 J'lily-· -- . - 1.09 7,45 3.09 33.44 48.93 .356 . J.83 
october· 6.44 3.48 2.19 37.86 50.05 .242 .072 
November 6.63 2.30 1.68 4o.58 48.81 .253 .073 
1 These grass samples, taken at the Fort ·Reno Experiment ·station in 1950, represent combined average a.Dal.J'ses 
of the following species: Little Bluestem, Big :Bluestem., · and Tndian Grass. 
lJJ 
...c, 
SUMMARY 
I 
One hundr.ed and twenty, choke, weanling, He.reford .. heiie.rs of comparable 
I 
breeding were divided into eight lots of 15 head .to determine the effect of sup-
plem~nts fed during the winter and the effect of age of breeding upon their 
subsequent performance as herd cows. Three levels of wintering were in-
eluded in this study~ 'l'wo lots of heifers were wintered at a low level, four 
I I 
! I . I 
lots aF a medium level, and two lots at a high level.. One-half.of the heifers 
I 
wintei-ed at each le'vel were bred to calve for the first time as two-year-olds, 
whereas the other half of the heifers were bred to calve as:;.:thr:ee-year-olds. 
£; yearlings, heifers wintered at a low level made the least gain during 
the w~nter, but made the most gain on grass the following grazing season. 
T:q.ere was little difference observed in the birth weights of calves pro= 
I 
ducedlby heifers calving for the first time as two-year-olds and those pro-
! 
I 
duced:by these ,same heifers as three-year-olds. Calves produced by heifers 
I 
for the first time as three-year-olds were 'about the same weight at birth as 
1hios.'e produced by heifers calving as two-year-olds. 
More assistance was required at time of calving for heifers bred to calve 
at two, years of age than for those calving for the first time at three years of 
age. : 
dieifers wintered at a low level and calving for the first time at either 
two or three years of age have produced more calves than those heifers win-
tered at a high level. 
I . 
Tvro-year-old heifers, suckling calves, weighed approximately 120 
pounds less than dry two-year-olds wintered at the s~me level. 
40 
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I 
At fhe present time, on the basis.oLdata,oLthree winters 1 it would a.ppe~ 
appear :that the practice of wintering heifers bred to calve at two :years of age 
i . 
I 
I 
at a hi1h level of nutrition is not as economical as wintering at a low level. 
Heifer& wintered at a low level for three winters have successfully produced 
two calf crops; however, it appears, on the basis of comparative weights, 
that the low-level heifers will be slower in attaining their mature weights 
. I 
than he~fers which have been wintered at a high level. 
' 
Thei supplemental summer feeding given to heifers wintered at a r;nedium 
I 
level and which calved as two-year-olds resulted in gain in weight of the heif-
ers, bUft only a slight gain in weaning weight of the calves as compared to the 
weaning weights of calves whose dams received no supplemental feed, Al-
though h is too early to evaluate the practicality of summer feeding followed 
in this ~xperiment, H appears that any advantage would be more than offset by 
I 
the cost of such feed: 
vAt the end of two years, heifers bred to calve at three years of age and 
wintere_d at a low level weighed approximately the same as heifers wintered 
at a high level. Under conditions of this study, it would appear that the most 
economical method of producing replacement heifers bred to calve at three 
years of age is to winter them at a loy, level (1 pound of cottonseed cake per 
head pe_r day plus dry grass). 
The; summer feeding of 15 grams of thyroprotein, in addition to 5 pounds 
of supplemental feed, per head per day to the heifers wintered at a medium 
level aid which calved as three-year-olds resulted in a loss of 52 pounds per 
i . 
head for the first twenty-six days of the feeding period. Weaning weights of 
I 
I the calves, and the heifers' gain or loss in weight will be observed to give 
! 
some indication as to the advisability or danger of feeding thyroprotein to 
beef cows during the summer months. 
Se~sonal variation in plasma-carotene levels were observed during the 
years of this study. Heifers exposed to bulls in the summer of 1949 had 
slightly higher carotene levels during the following winter than respective 
open heifers. 
Heifers calving at two years of age had lower inorganic phosphorus levels 
than open heifers wintered at the same level. 
The plasma-protein level tended to be lower for heifers wintered at a low 
level than for heifers of the other lots. No consistent differences between 
lots were observed in red cell count or hemoglobin level. 
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THE EFFE.CT OF LOW PHOSPHORUS RATIONS 
UPON CAROTENE METABOLISM IN RUMINANTS 
INTRODUCTION 
This part of the thesis was a study on the effect of low phosphorus rations 
upon carotene metabolism in ruminants. Preliminary results on the influence 
of phosphorus on carotene metabolism we.re recently reported by Ross and 
Gallup (1949). They found an inverse relationship between the carotene and 
I 
I 
inorganic phosphorus content of the blood plasma of beef cows. Cows with 
abnormally low plasma-phosphorus levels were observed to have higher plasma-
carotene levels than cows with normal or above normal levels. 
Experiments to determine the effect of low phosphorus rations upon caro-
tene metabolism were conducted with lambs, yearling Hereford steers, and 
aged He;reford cows. The research has been divided into three experiments: 
I 
Experiment l was a study of low phosphorus rations upon carotene metabolism 
in lambs; experiment 2 was a study of the effect of low phosphorus rations 
upon the carotene metabolism and storage of vitamin A in the liver of beef 
steers; and experiment 3 was a study of the effect of low phosphorus rations 
upon metabolism of carotene, storage of vitamin A in the liver, concentration 
of carotene and vitamin A in the colostrum and milk of beef cows and upon 
phosphorus, carotene, and vitamin A of the blood of their calves, upon liver 
storage 'of carotene and vitamin A of the calves, and upon their growth. 
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REVIEW OF LITERATURE 
i 
i. 
Alt~ough numerous investigators have reported on the symptoms of phos-
1 
I 
phorus :and vitamin A deficiencies in ruminants and on the requirements for 
each, very little work has been reported on the direct effect of low phosphorus 
rations upon carotene metabolism. Ross and Gallup ( 1949) first reported an 
inverse relationship between inorganic phosphorus and carotene in the blood 
of cows' maintained on different levels of phosphorus~ The data from which 
they observed this relationship were obtained from a study on the phosphorus 
requirement of beef cows grazed in two different areas of Oklahoma (Ross, 
et~·, 1948, 1949, and Robertson, 1948). Each area was stocked with 
heifers which were fed low, medium, or high levels of phosphorus. The phos-
phorus intake of the low level group at each area was restricted to forage and 
protein supplement during the winter; the medium level group received an in-
take of 1. 5 grams phosphorus per 100 pounds body weight; the high level group 
received an intake of 2. 5 grams phosphorus per 100 pounds body weight. 
Blood samples were taken at periodic intervals, and inorganic phosphorus 
and carotene determinations were made on the blood plasma. The blood-
phosphorus value of the low phosphor11s group at the Wilburton area was ab-
normally low during the winter and early spring months; however, their caro-
tene values tended to be slightly higher than values of cows receiving a high 
level 0£ phosphorus, even though the high level cows consumed more prairie 
hay. Th;e cows receiving the high level of phosphorus had a greater intake of 
carotene! but less carotene in the blood than cows receiving the low level; it 
I 
appeared. that the high level cows may have been more efficient than the low 
level cows in the conversion of carotene to vitamin A. The phosphorus values 
48 
! 
of the high level cows rose sharply during the wiriter when those cows ate the 
amountjof phosp:P,orus provided. The plasma~carot~ne and inorganic phosphorus 
values ff cows receiving the medium level of phosphorus ranged between values 
' . . 
of low and high level cows. Analyses of blood of cows at the Stillwater range 
a=eve:aie:dap.ractically the same picture. 
Vari Arsdell, ..=! al. (1949) fed a low phosphorus-high calcium .rachittc diet 
to weanling rats to determ,ine its effect upon utilization of carotene. Twenty= 
six rat~ were divided into two groups: one group was fed the rachitic diet sup-
I 
I 
plemented with calcium carbonate, and the other group was fed the rachitic diet 
supplemented with monocalcium phosphate. Both groups were supplemented 
with O. 75 mg. carotene plus O. 5 mg .• alpha-tocopherol per day. The rachitic 
diet co11,tained 1. 22 per cent calcium and O. 234 per cent phosphorus; the non-
rachitic diet contained 0. 74 per cent calcium and O. 417 per cent -phosphorus. 
I 
' A paired-feeding technique was used. Three rats in each group were killed 
after on.e week and vitamin A determinations were made on the blood and liver 
and pho$phorus .determinations on the blood plasma. At the end of ~ month, 
all rats were killed, and analyses were determined on the blood plasma and 
liver. There was very little difference in vitamin A content of the blood and 
liver between the two group; de·spite this fact, the phosphorus level of the blood 
of the rats of the nonrachitic diet was approximately twice as high as that of 
the rats on the rachitic diet. 
Phosphorus 
~he 1 1".equirements of the animal body for phosphorus and calctum, for up-
I 
keep and normal development, have been the subject of research for many years. 
' I, Conclusive evidence that phosphorus, in combination with calcium, constitutes 
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the grea:test portion of the mineral matter of the animal body has been furnished 
by nume'rous determinations. 
i 
In atj.dition to the importp.nt role of phosphorus in normal skeletal development, 
it is known to be one of the most important elements in the physiological process 
of the body. · Gortner ( 1929) stated that phosphorus is concerned in the metabo-
lilsm of nearly all body tissues. It is present in the nuclei of all cells and is vi-
tally concerned with the complete role:c in the chain of events occurring in mus-
cular contraction and in the transfer of energy. Phosphorus is considered to 
be indispensible in carbohydrate, fat, protein, and lipoid metabolism, and as 
a constituent of certain enzymes. The maintenance of the reaction of the blood, 
as well as the maintenance of calcium equilibria of the blood, is a function attri-
buted to phosphorus. 
Numerous studies have been conducted relative to the phosphorus require-
! 
ments of livestock. A r~port of the committee on Ahimal Nutrition of the Na-
tional R~search Council (1945) advised that cattle should be allowed free access 
to a phosphorus-rich mineral mixture if the forage is apt to fall much below 
0.15 per cent phosphorus on a dry-matter basis. This committee recommends 
a range of 12 grams of phosphorus per head daily for wintering weanling calves 
and yearlings to 24 grams for cows nursing calves. 
Theiler (24) reported that the first symptom of a phosphorus deficiency was 
usually depraved appetite as evidenced by the c.hewing of bones, sticks, hair, 
and the excessive ingestion of salt and dirt in an effect to secure the needed 
I 
phospho11us. This condition was accompanied by a considerable loss of weight 
i 
I 
I 
which gr~atly impaired the development of the body. The advanced stages of 
this defict:iency caused marked skeletal changes, and Theiler ( 1931) concluded 
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that rickets and osteomalacia were definitely caused by a lack of phosphorus. 
i 
Schmidt (1926) observed that growing animals frequentiy developed a peculiar 
stiff, 11 lreep" gait as though it were painful to walk. Madsen (1942) stated that 
osteomalacia, a disease of mature animals, is characterized by a softening 
and replacement of bone with osteoid tissue resembling uncalcified bone .• 
In the classical studies of Theiler, Green. and Du Toit (1924), it was found 
that a lack of adequate available phosphorus in the diet was manifested by a 
lack of appetite and failure to utilize food eonomically. Riddell, Hughes, and 
I • 
i 
Fitch {1927). (1934), and Eckles and Gullickson ( 1927) disclosed that a lack of 
phopphorus did not lessen the digestibility of the ration but it rearranged the 
metabolism so that the digestible nutrients were utilize~ inefficiently. The 
latter investigators concluded that cows on a low phosphorus diet required 20 
per cent more digestible nutrients to maintain live weight. Kleiber, Goss, 
', 1· 
'I ' 
and Puilbert .(1936) also noted that a phosphorus deficiency is a limiting factor 
in the economical utilization of feed. 
; 
It has been conclusively demonstrated that the utilization of phosphorus 
in the ration: is modified by many factors relating to the ration qr to the en-
vironm.ent. The ratio of calcium to phosphorus in the diet has been found to 
have an important influence upon the metabolism of both elements. If either 
is pre sent in inadequate amounts, the other is not utilized properly, even 
though it is present in normal quantities. 
Early recommendations on the ratio of these two elements were based on 
the factl that they exist !n rations o~, about 2:~ and I. 25: I in the bone and milk, 
respectfvely. McCollum and associates (1921) observed in their early studies 
that a r~tio of calcium to phosphorus i~ the diet was perhaps of greater 
' . 
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signifi¢ance to the welfare of the animal than the absolute amounts of each. 
i 
Meigs,:~ al. (1926), using four lactating cows, suggested th~t an excess of 
I 
calciudi in the ration may interfere with the assimilation of phosphorus. 
Haag, Jones, and Brandt (1932) indicated that a calcium-phosphorus ratio 
of 1 O. 51 : 1 was no more detrimental than one of 7. 6: 1. Bethke, Kick, and 
Wilder ( 1932) pointed out that,for optimum growth and bo~e formation , a 
calcium-phosphorus· ratio of 2: 1 gave best results. Increasing tpe ratio of 
these tyvo elements from 1: 5 to 5: 1 causes a progressive decrease in growth, 
I : 
: :. 
bone ash, and the inorganic content of the blood. When the raio was changed 
to 1: O. 25, growth was markedly depressed. Maynard (1947) stated that the 
desired ratio of these two elements if between 2: 1 and 1: 2 but that adequate 
nui'rition is possible outside these limits. With adequate vitamin D in the 
ration, the ratio becomes of less importance. 
1 
I 
Significance of Blood-Phosphorus Determinations 
Th~ concentration of inorganic phosphates in the blood pl~sma of cattle as 
an aid in clinical diagnosis of a phosphorus deficiency even before physical 
symptoms became apparent was first reporte4 by Palmer and Eckle's (1927). 
T~iller, et al. (1927) .reported that the phosphorus content of the biood 
. --
of cattl~ receiving adequate phosphorus vari¢d from 4 to 9 mg. per 100 ml .• 
of whole blood, with an average value of 5. 2 mg. MacVicar (1947) found that 
blood plasma values were higher than whole blood values by approxirn:~tely 
32 per ~ent. 
I 
Blabk, et al. (1942) observed symptoms of aphosphorosis in cattle graz-
ing a piospho:s-deficient range when the blood-phosphorus content fell below 
! 
ii 
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I 
4 mg. per 100 ml •. of whole blood. In contrast to this work, Knox, Benner, and 
Watkins :(1941) found that cows with blood plasma levels of from 2. () to 3. 0 mg. 
I . . . 
' i 
per centlphosphorus for short periods in winter and spring and from 3. 00 to 4. 5 
I . 
mg. per cent in the summer were in exceljlent health. Huffman and others (1933) 
stated that blood plasma-phosphorus values lower than 4. 0 mg. per cent are to 
he ques;tion~d, especially if the animU is less than one year of age. G::reaves, 
Maynard:, an.d Reeder (1934) gave 5.0 ·mg. per cent as the borderline value. 
Van ~andingham, Henderson, and Bowling (1935), studying the effect of age 
. . 
.on the ~riorganic phosphate of the whole blood, found that values tende~ to rise, 
.· . I 
reaching a peak at seven months of age and decreasing progressively to 24 
' 
months ... ~alan (1928) and Green and Macaskill (1928) found that the blood of 
newbornlcaives contained twice as much inorganic phosphorus as thabof their .· 
' ' 
dam. This finding has been confirmed by Eckles, Gullickson, and Palmer (1932). 
. i 
. .Small-percentage calf crops,clllreeding difficulties, and difficulty at time o.f 
. calving have been associated with a l11c::k: of available phosphorus in the. feed 
by Theiler (1924), Eckles, et al. (1926), Schmidt (1926), Black, et al. (1943), 
' ' -- . I -.- .,. 
Lantow (1933), Kpo.x, e-t a.l. (1941), :Jloss, ~~· (1948), (1949), and Hart and 
puilbert (1928). 
Vitamin A 
The ~irst evidence that vitamin A was needed for reproduction was reported 
by Hart,.!!_ al. (1911), (1924). In 1926, Jones, Eckles, and Palmer showed 
vita'.min A to be an indt:spensable factoriin the diet of calves. 
I 
I Be-chdel, et al. {1928) studied the effect of feeding five heifers, one to twQ 
. I -- . 
and (>ne-~alf years of age, a ration deficient in vitamin A. They observed that 
I 
I 
.:.__ 
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the vitamin A deficiency caused edema in the front legs, declining appetite, 
. i 
and increased respiratory rate. One animal became blind. ln two cases of 
. I 
pregnan¢y, the calves were born dead, one being born more than two months 
I 
. i 
premature. 
··. Guilbert and Hart (1985) found that night blindness was the first detectable 
clinical symptom of vitamin A deficiency and that it was a delicate index upon 
which minimum requirements could be based. They stated that the daily rr1ini-
mum carotene requir.e.ment of cattle is 26 to 33 micrograms per kilogram live 
I 
weight. :Carotene intake at the level of about 29 ·micrograms per kilogram live 
weight prevented or cured clinical. symptoms of deficiency. Vitamin A. deficiency 
that had progressed to the point of night blindness and convulsion.s did riot in-
hibit the occurrence of oestrus. · Guilbert and Hart ad·vanced the hypothesis 
that the vitamin A requirement is relaiiE:d:1. to body weight rather than to energy 
requirement. Reports of their later experiments .(1937} substantiated this 
hypothesis. 
Watkins and Knox {l 950) determined the carotene content of blood plasma of 
Hereford breeding cows grazing on a southern New Mexico range. These values 
see·m-ed to indicate that a vita·min A deficiency might occur only in case of pro-
longed d~ought or extremely abnormal conditions •. Hart and Quilbert (1933.) 
stated that in the bovine, as in other species, the concentration of vitamtn A 
in the liyer va.ries with carotene concentration of feed. The· reserve supply th,t 
has accumulated in the body during the green feed season is sufficient to carry 
anim&ls lthrough the dry season under average conditions, 
Guil~ert and Hart (1934), Riggs (1940),Fry and Jensen (1946), and Eden 
(1948) have stated that the ability of cattle to store vitamin A in times of 
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abundanc~ against periods of prp:vation is extremely important under range con-
ditions. :During the period of active growth, there is a greater requirement for 
I 
vitamin -4, and, consequently, less vitamin A is stored than vyhen adult size is 
attained. 
· Davis and Madsen (1941} reported that an inadequate carotene intake in cattle 
could be ~etermined by blood analysis. The carotene and vitamin A content of 
blood pla~ma at any particular time was dependent on the current intake and 
previous storage of these factors. When cattle were depleted of carotene re-
serves, the .blood-carotene level was dependent on intake alone. Vitami;n A. 
values tended to reach a stable level and did not increase proportionally with 
intake as· did the carotene level. Braun (1945) and Hibbs (1946) stated that the 
plasma content o.f carotene and vitamin A does not give an absolute measure c;>f 
the storage of these substances in the anim:al's body. · Although the plas·ma con-
1 
I 
tent of ca'.rotene and vitamin A may not be an absolute measure of the storage 
in an animal's body, th~se values do reflect the intake of the factors. 
It is generally ac;:cepted that the amount of vitam.in A or carotene needed fc:>r 
normal reproduction in cows is greater than ,the amount needed for protection 
against nlght blindness, a well-known symptom of vitam.in A deficiency. Kuhlman 
and Gallup (1941), (1942), have set forth minimum requirements for carotene 
intake in 'Jersey cattle for normal conception, reproduction and lactation, as 
follows: conception, 20-29 mcg. per pound of body weight; repr.0duction, 40-45 
mcg, per pound of body weight; and lactation, 40-45 mcg. per pound of body 
weight, In a later report, Kuhlman and Gallup (1942) stated that, when blood 
I 
I 
plasma vb.lues in 18 and 24-month old Jersey heifers dropped below 150 rncg. 
I ' . 
I per 100 ml. plasma, difficulties were often encountered at parturition. 
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Mo9re, et q]l-. (1947) stated that cows at the Beltsville Experiment Station 
which rieceived 80 to 100 milligrams of carotene per day gave birth to normal 
calves. Guilbert and ~ochford (l94p:) reported that a 1000-pound beef cow re-
quired about 75 milligrams of carotene during the last months of gestation; 
this amount is five times that needed for maintenance. Payne and Kingman 
(1947) report that the carotene-blood plasma level of fi.an.ge Hereford heifers 
calving'.for the first time must be at least:lll8 and that for aged cows must be 
' ' 
at least, 83 micrograms per 100 millileters , for adequate health and reprodu:c-
tion. 
Sutton and Soldner (1943) reported that blood plasma-carotene and vitamin A 
values of dairy cows remained nearly constant up to a week before calving. 
Ju~t prior to calving, a decline of both plasma-carotene and vitamjn A 
occu,rred, and a further drop was observed immediately after parturition,. 
i 
Suilon, 'et al. (1945) found that the maximu·m decrease in blood p_las·ma-carotene 
-- '' ' ' 
values qf lactating cows occurred one week following parturi~ion. · The maxi-
·mum decrease· in"blood plasma-vitamin A was reached three days after par-
turition:. 
Thomas, et al. ( 1946) found that the concentration and total output of 
! 
vitamin' A and carotene in the colostrum- of the cow is influenced by the ration 
fed dudng the two months immediately prior to parturition. Speilman, et al~ 
(1946) stated the the prepartum diet of the normal bovine ·may influence 
markedly the vitamin A and carotene reserves of the newborn calf. However, 
Hart at Puilbert ( 1933) found the the livers of newb.orn animals tend to be 
comparatively low in vitamin A, irrespective of the diet of the dam during 
! 
gestatidn. 
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Ke,ener, et al. (1942) observed the effects of vitamin A defib:mycy in calves 
--·- . 
arid fo~nd effects similar to those previously reported by other workers, includ-
! 
ing exfphthalmia, roughness of coat, slowness of growth, muscular incoordina-
tion, diarrhea, pneumonia, blindness, and death. The gross and microscopic 
pathology observed at autopsy included a cystic conditionrof the pituitary, a 
constriction of the optic for~men, and various degrees of histopathotbgical 
change:s in the tissues of the intestines, liver, kidney, and testicle. 
Haps en, et!!.· ( 1946) found that vitamin A of colostrum from barn-fed 
heifers in the first lactation was more than twice the vitamin A content of the 
. i·' 
colostrum from the same cows in. the second lactation. Seven-fold variation 
in the ~olostr~rn vitamin A,. potency occurred in these cows, even though the 
cows were fed identical rations and were maintained under unifo.rm conditions 
during two lactating periods. An increase in the blood plasma-vitam~n A con-
! 
centration of the newborn calf was observed follld'Wiri.g the ingestion of colos~ 
trum, and the percentage tno.rease tended to reflect the concentration of vita-
min A present in the colostrum of their dams. 
Sutton, Warner, and Kaeser ( 1947) found a rapid decline of caro.tene and 
vitamin A in colostrum and milk with e.ach successive milking. Colostrum 
was approximately ten times as potent in carotene and six time·s as potent ip. 
vitamin A as nor·mal milk. Levels closely approaching no.rmal m.ilk were 
reachep. at the end of the third day. 
I 
Hez:i.ry, et al .. - (1949) studied the relationship between the maternal re-
1 ---- '· 
. serves of vitamin A., the vitamin A content of the mUk, and the stores of 
vitam,in A :present in the young at birth and amassed during suckling; they 
I 
~eportJd that the vitamin A content of the milk and the livers of the young 
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rats was influenced by the amount of vitamin A taken by the mother during 
lactatrn more than by her liver reserves. 
Factors Affecting Carotene Metabolism: ~nd Storage of Vita:i:nin A in the Live.r 
Thorbjarnarson and Drummond (1938) stated that the storage of vitam~n A 
in the liver is facilitated by the presence of fat in the diet and its subsequent 
deposition in the liver~ Considerable storage of vitamin A takes place whe.n 
the animals are given an excess, but the reserves are depleted when a~ excess 
is no longer given. They further stated that fat leaving the live.r may take 
. with it vitamin A • 
. Bentley and Morgan (1946) found that when carotene \Vas .fed there was a 
definite depression of vitamin A storage on the high-fat as compared with 
the low-fat diets. 
Mdore (1940) stated tha.t the vitamin A reserves of rats kept for pro-
longed periods on a diet deficient in vitam~n E but a diet to which vitamin Ar 
was supplied as halibLit;;oil were always much lower than those of control ani-
mals receiving supplements of vitamin E. Kachmar, et al. '(1950) stated 
that the feeding of a low vitamin E ,ration did not impair the utilization of 
carotene and vitamin A. Harris, Swanson, and Hickman (1947) reported 
· that the efficiency e>f transfer of ingested vitamin A and carotene into vitamin A 
and carotene in the milk was not incre.ased by supplementation w,ith vitam,in' E 
alone. 
Oa;llup (1941) reported that the daily administration of cod liver oiJ to 
calVesl on winter ration-s caused abou.t a 50 per ce.nt decreas.e in plasma-
carote;ne. · Deuel, .=.!~· (1942) observed that the decrease in milk carotene, 
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which.followed administration of 2, 100, 000 I. U. of shark liver oil, appeared 
to be caused by vitamin A per se. .A rough proportionality existed between 
'i --. 
the letels of carotene in blood and in the milk • 
. Sexton, Mehl, and D·euel (1946) s¥ed that no increase in vitamin A. could 
be demonstrated aft.er the parenteral injection of carotene. The localization 
of the.intestine as the site of transformation of beta-carotene to vitamin A 
in the rat has been demonstrated by Mattson, Mehl, and Deuel (1947), 
Goodwin and Gregory {1948), and Glover, Goodwin, and Morton {1948)-, 
I 
;S:ince Wooley (1947) stated there was an antagonistic relationship between 
a nun1:ber of nutritional factors and their structural analogs, a number of in-
vestig;ators have reported antagonistic relationships between certain pre-
cursors of vita·mJn A and vitamin A,.E!E ~· Kemmerer, Fraps, and 
I 
Dei:no~tier {1947) found that a mj.xture of xanthophylls in a concentrate from 
i 
spinach decreased the storage of vitamin A in the liver of vitamin-A deficient 
rats' s'upplemented with carotene. Johnson and Baumann {1948) stated that 
cryptoxanthine was equal to beta-caro~ene in producing stores of vitamin A 
- ' 
and that its relative activity for storage was twice that for growth. Kelley 
and Day (1950) stated that large amoun,ts of xanthophyll adm,inistered with 
beta-carotene or vitamin A decrease the utiHzation of of these. substances 
fqr tissue $to rage of vitamin A in rats. They had no effect on the rate of 
; 
disap~eara;11ce of vitamin A already present in the tissues, indicating that 
inhibitory actio~ may occur in the alimentary tract·. Kelley and Day fur-
. ,ther •jtatOd' that the effect of the x.:nthophyll ls not due to a specific impair-
ment 9f tp.e e:r1izym.atic mechanism ,for the ~onversion of carotene to vitamin A. 
I '( ) ' ' ' h h . . A Esh and S.utton 1948 stated that the feeding of leeit in wit a v1tamJn 
or ca;rotene supplement .to rats resulted in greater gains in weight and in-
crea~ed liver storage of vitamin A.. W,hen ~ho_line was fed with these supple-
. ! '. 1 . 
mentt th~ liver storage of vitamin A was no different from that of the groups 
. . I . . . . 
which, re.ceived the. vitamin supplement alone. These workers concluded 
.·' . 
that l~cithin enhanced both the absorptipn and utilization of vitamin-A and 
carotene and that the choline fraction of the lecithin molecule was not respon"". 
sible '.for th.is effect. Slanetz and Scharf {1945) reported that commer·cial 
soybean lecithin markedly influenced storage and blood level.s .of vitamj.n I\ 
in th~ rat. Shaw, M.oore, and Sykes (1951) found that a marked depression 
in pla:s·ma and liver vitamin A produced by feeding ground raw soybeans to 
. ' ', 
calve~ on an adequate, but low, intake of carotene. 
liei'mer, Maslow, and Sobel {1949) divided litters of wistar rats into 
three groups_- -control, thyroidectomif!l.ed, and thyroxin treated- -and· killed 
them after 45 days of feeding.. It was found- tha.t vita.mj.n ,A. storage in· the 
! . 
livers of rats on a vita·min A-free diet was highest in the thyroidecto·m~zed 
rats.· Baumann and Moore { 1939) found that when groups of normal and hyper-
thyro~d tats containing uniform stores of vita·min A were f'd a. 4,iet low .in 
vitamin A the a·mounts of this fa.ctor re·maining in the liver were usually at 
leas.t as high in the hyperthyroid group as in the·· control group. Johnson and 
B.au:mann (1947) reported that, in some trials, the administration of thyroxine 
actually ·appea.red to decrease the rate of utilization of vita:min A·. Hyper-
thyro-id rats fed mode.rate amounts of fish liver oil sto.red approximately 
as mti.ch vitamin A as control rats. I . 
I 
Jdhnson and Bau·mann { 1948) studied the relative significance of g~owth 
I 
I 
and ·metabolic rate upon the utilization of vita:min. A by the rat and concluded 
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that rats whose growth was restricted by diets inadequate in calories, thia- · 
mine, or tryptophane retained more hepatic.vitamin A than control rats that 
! ' 
grewlri.ormally. Comparisons ~etween rats of similar siz.e suggested that 
metabolic rate also influenced vitam,n A depletion; desiccated thyroid 
hastened the depletion of vitamin: A reserves somewhat, whereas thiourea 
and tp.iouracil delayed it. 
The. time taken to exhaust the reserves of vitamin A in the liver. is de-
pendent not only on the initial siz.e of the reserve but also on th.e rate of 
utili~~tion of the vitamin by th.e body. This rate is increased in growing 
; ~ ,' 
animals and also in animals whe.re the basal metabolic rate has been raised 
as in hyperthyroidism (John.so.n and Baumann, 1948). Hickrqan (1946) sug-
gested that the rate of deple.tion is also dependent on the actual size of .. the 
I ' ., 
initia;1 res~rve ~ This hypothesis has been confir.med by :p:'rey and. Jensen· 
i 
(1946:.a~l947}, who S!:hpwed tha:t., for steers, the rate. of depletio,n decreased 
' ' . . . 
as the am(l)unt of vitamin ,A:. in the li.ver dcecr-eased\ 
I . •, , , 
Davies a:r:i,d,,Mo:ore (1935.) gav~ aduJt rats, already posse.ssing high liver 
reseljvEis of· vitam:h:1 ~. massive doses of vitamin A concentrate. The mean 
' ' 
liver lei(els rose· to 18,000 J .. U /gram, an amount which was enough, the.oreti-
callyI to las~ a century if used up a.t a rate corresponding tp physioiogical 
require·ments. · The rats were then restricted to a diet fr·ee of vitamin A, 
and a rapid elimination of vitamin A fro·m the liver took place, the mean 
leyel,falling to 400 B. U./gram after .twelve weeks. At this level, a cond.ition 
of stible storage of the vitamin appeared to have been attained, as .no further 
. . I . 
fall o~curred after twelve additional weeks on the vitamin A-free diet; I . . . 
T~e fate of excess vitamin A. stores during depletion was stu:aied by 
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I 
I 
Popper and Brenner ·(1942). They used flourescent microscopy for the location 
of vitarri.in A in the liver cells and suggested thflt the destruction of excessive 
vitamin~ probably takes place in the Kuppfer cells. Normally, vitamin A is 
stored in the other liver cells; however, when massive doses are given, the 
Kuppfer cells also show intensive flourescence, characteristic of vitamin A. 
During depletion, as much as can be determined by flourescence, the Kuppfer 
cells are the first to give up vitamin .A. Decrease of flourescence is not ac-
companied by an increased concentration of vitamin A in the blood; hence, 
the evidence suggests that the disappearance of vitamin A from the Kuppfer 
cells does not represent a release of the vitamin into the blood but that it is 
a,ctually being destroyed in these cells. 
Krause ( 1949} reported an examination made of the relationship between 
serum l~vel and liver content of vitamin A in normal rats and those under the 
i 
influence of varying degrees of vitamin A depletion.· The following points were 
observed: '(1) An inverse relationship was observed between blood and liver 
levels of vitamin A in normal male and female rats and those depleted female 
rats whose liver content ranged as low as 600 I. U. per total liver. (2) When. 
the total liver content fell below 600 I. U. in the male rats., there was a parallel-
ism between blood and liver levels. 
Vavich and Kemmerer (1950) stated that the size of the rats used as experi-
mental animals markedly influenced the utilization of carotene for liver storage 
: I 
r 
of vitamin A. 
62 
THE EFFECT OF LOW PHOSPHORUS RATIONS 
UPON ~AROTENE METABOLISM IN'LAMBS 
EXPERIMENT AL PROCEDURE 
Lambs were fed a ration low in phosphorus for a period of 268 days, in 
I 
order to deplete them of phosphorus. They were of different ages and aver-
aged 55 pounds when placed on experiment August 2, 1949. At the start of 
the experiment, they were treated with nicotine sulphate and copper sulphate. 
During and following the depletion period, the lambs were kept inside with-
out access to green material of any kind. 
The lambs were fed a ration composed of11/4 pound corn gluten meal, 
1 1/4 pounds cottonseed hulls and approximately 5 grams salt per head per 
day. 
j 
This ration provided an intake of 1. 1 grams of phosphorus and 1. 4 
grams 1alcium per 100 pounds live weight and had a calcium-phosphorus 
ratio of 1. 3: 1. Because of its relatively low phosphorus content, corn glu-
ten meal was selected as the protein supplement. Cottonseed hulls were 
used because they are low in phosphorus and devoid of carotene. The chemi-
cal compesition of the feeds is given in Table 1. 
Blood samples were taken at the beginning of the experiment and at inter-
vals of approximately one month during the depletion period. The blood was 
collected in citrated tubes and analyzed for vitamip. A by the Kimble proce-
dure (1939) ahd for inorganic phosphorus by the Fiske and Subbarow method 
(1925). 
One p.undred ninety-two days after the lambs were placed on the depletion 
\ 
ration, ~he average inorganic plasma-phosphorus level was 8. 5 milligrams 
and the vitamin A-plasma level was 3. 2 micrograms per 100 milliliters of 
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Corn Gluten }bal 
cottonseed Hulls 
Dicalcium Phosphate 
Calcium Carbonate 
'l'ABIZ 1. 
CHEMICAL COMPOSITION OF FEEDS USED IN EXP.B:RDDT l 
Percent 
'dry 
Matter 
92.45 
92.00 
96.52 
99.14 
Ash 
1.85 
----
----
----
:eer cent conrnositio:n· of dry matter 
Protein Fat Fiber N .F.E. 
45.16 2~53 3.28 47018 
3069 -----
__ _, __ _a:11 ____ 
. -- ~ --
------ ----- ---- =--~---
- .. - . 
------- -----
_, ___ 
._. ____ 
Cao 
0.09 
0.12 
25.10 
38.30 
Po 
0.343 
0.037 
18074 
O' 
~ 
plasma. The average phosphorus values were higher than they were at the 
start of the experiment. Calcium determinations were made,(:by use of the 
! 
Clark a.Jd Collip procedure (1925). The average calcium level was found to 
1 
be 8. 2 milligrams per 100 milliliters of plasma; this average was lower than 
the normal range of 9 to 12 milligrams of calcium in the blood plasm.a of 
sheep, a:s reported by Dukes (1947). 
The :ration was changed because of the low energy content of the ration, 
the high inorganic phosphorus content, and the low vitamin A and calcium con-
tent of the blood plasma. The ration fed the lambs for the remainder of the 
depletion period was composed of O. 15 pound corn gluten meal, O. 15 pound 
starch, O. 15 pound sugar, 1 pound cottonseed hulls, 2 grams of calcium car-
. 
bonate, O. 45 gram Delsterol, which provided approximately five times the 
minimui vitamin D requirement (National Research Council 1945), and suf-
ficient carotene concentrate to provide approximately nine times the minimum 
carotene requirement. This ration provided an intitke of 0. 67 gra·m of phos-
phorus and 2. 27 grams of calcium per 100 pounds of live weight and a calcium-
phosphor'us ratio of 3. 4 :l l. 
The minimum carotene requirement was estimated from the work of Guilbert, 
~~- (1937, 1940); 13. 6 micrograms per pound of body weight was used as 
the minimum. The carotene used was a crude carotene concentrate prepared 
from alfalfa which had a potency of 20, 000 micrograms per gram. Seventy 
grams of the crude carotene concentrate, 400 ml. of corn oil, and 100 ml. of 
Skelly So~ve "F11 were placed in a Waring Blendor and mixed until an emulsion 
I 
was fornted. After cooling, the emulsion was stirred by an electric stirrer; 
and 5 cc., aliquot portions, containing 13,600 micrograms, were pipetted 
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I 
i 
into 1/4\-ounce capsules. These capsules w,ere kept under refrigeration, and 
one cap$ule was given to each lamb every other day. 
I 
Twol of the nine lambs died of unknown causes during the depletion period. 
' Phosphorus values of blood samples taken one day before death were above 
6 mHlig~ams per 100 milliliters of plasma. Bone sections from the femur 
of these' two lambs showed the shaft to be small and the walls very thin. 
After the lambs had been on the depletion ration for 268 days, they were 
divided ~nto two l,ots according to their body weights, plasma-vitamin A and 
i 
plasma-inorganic phosphorus levels. Blood samples were ,obia'i.ned, and the 
lambs were weighed at approximately ten-day intervals. The lambs were 
kept together in a dry lot and were fed individually, 'in stanchions, twice a 
day. 
The three lambs in Lot 1 were continued on the low phosphoru.s rati-on; 
i 
the ratio!n of the four lambs in Lot 2 was supplemented with sufficient dical-
ciu·m phosphate to provide approximately three grams of phosphorus per 100 
pounds of live weight. The composition of the ration feel, to each lot is given 
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in Table 2. All lambs continued to receive approximately nine times the mini-
mum carotene requirement and approximately five times the minimum vitamin: D 
requirement. The ration of the lambs in Lot 1 was supplemented with suffi-
cient calcium carbonate to provide the same intake of calcium £or both lots. 
Thirty~two days after phosphorus supplementation was given to the lambs 
! 
of Lot Z,j all lambs were slaughtered. The livers were collected at this time; 
represenfative samples were wrapped iil cellophane pp.per ,and .kept frozen 
until thet were a:,;i.alyzed .for v:itamin A.., · 'I.he method. of analysis was that of 
! 
Gallup and Hoefer (1946). A femur was taken from each carcass, and a cross-
' 
section of this was ashed, according to the :A.O.A.C. method (1945). 
' 1 
TAJUE 2:-
l RA'?IOIS JED '?O 'fHI LAMBS OF .11.P.SBDBlff 3.: 
------~ 
Lot lumber Corn Gluten Cottonseed Sugar Starch Calcium Dicaloilllll Daiq Intake 
Wo. of 113al Hulls C~bona;te Phos~ate gms/Wo lbs. 
Lambs body weight 
lbs. lbs. lbs .. lbs. gms. e;ms. ea p 
1 3 0.20 1.00 0.20 0.20 ·5 --- 4.03 0.85 
2 4 0.20 1.00 0.20 0.20 --- 8 4.38 3.30 
l Each lamb supplemented with 13,500 miCl'.'ograms carotene every other day. All lambs received O .45 
Delsterol every d&J' .. 
Ca:P 
Batio 
4.7:1 
1.3:1 
O' 
-J 
I 
i 
RESULTS AND DISCUSSION 
Th~ lambs maintained their weight throughout the experiment; however, 
growth l,was retarded, and the lambs appeared weak and emaciated and exhib-
1 
ited a depraved appetitie; some were observed to eat wool. These symptoms 
are similar to those reported by Beeson, et al. (1937) for a phosphorus defi-
ciency. 
The 1j inorganic phosphorus values in the blood plasma of the lambs are 
I. 
given iti Table 3. In spite of the 268-day depletion period during which the 
I 
lambs ;eceived from 0. 67 to 1.1 grams of phosphorus per 100 pounds live 
weight, 'the lambs had approximately the same average inorganic phosphorus 
I 
values as they did at the start of the depletion period. The average values 
for all fa.mbs had only decreased from 5·. 6 to 5. 0 milligrams phosphorus per 
100 milJiliters of plasma. At one bleeding, 192 days after the start of the 
experiment, the average phosphorus value for all lambs was 8. 5 milligrams. 
I 
The calcium value at this time was 8. 2 milligrams. The low calcium level 
in the plasma may have been due to an inadequate intake of calcium or to a 
vitamin D deficiency, because the lambs were kept inside and no vitamin D 
was supplemented at that time. The low energy intake may have caused meta-
I 
bolic disturbances which were reflected in low calcium-plasma levels. The 
metabol,sm of calcium, phosphorus, and vitamin D is closely interrelated; 
rickets *1,ay tend to develop when these interrelations are not normal. In 
I 
rickets, there is an increase of the phosphatase content of the blood and bones. 
The average phosphorus values of the lambs in Lot 1, which received no 
phospho1us supplement, decreased from 4. 99 milligrams at 268 days to 3.43 
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TABIE 3. 
INORGANIC PIIOSPRomlS CO:tm!!'iff OF PLASMA OF ~ ON EXP.Jmr.tar 1 
--------- ----- -- ~--------· - ---~- -- ---------- -- ----~ ----- -- ----- -----
ADD mR CElf!' ABlI OF :00:U:S 
:Per cent Ash. Plasma Inorganic Phosphorus 
(mg :per 100 ml) Dry, Fat-free :Bones 
Lot Lamb No. Aug. 2 Feb. 10 Apr. 27l .)fey' 10 1,my 19 ~29 lifa;y" 29 
Days on eneriment O 192 268 281 290 299 299 
1208 4.4 8.88 4.88 5.04 3.72 4.60 67.60 
l 1475 •· 4.2 5.32 5.48 1.16 1.32 1 .. 20 65.83 
1500 4.6 9.20 li..60 3.08 L.12 4)i8 66222 
Lot average 4.99 3.09 2.80 3.43 66.81 
1471 6)1, 8.80 2.84 8.40 9.64 8.92 67.41 
2 1474 6.3 8.6o 5.64 5.20 5.16 5.84 67.57 
1478 7.2 11.o4 5.72 6.32 6.12 6.20 67.51 
1485 5.8 6.48 6.08 L]g 6 24 
__,,a,._, 9.24 69.00 
Lot averase 5.07 6.76 6.79 7°55 67.87 
Average all lambs 5.5 8.3 
1 Phosphorus supplementation was started at this date for lallib1;.1 of clot 2. 
"' ...0 
milligrrms at the termination of the experiment. Two lambs in Lot 1 main-
tained, !pparently, normal values, whereas the phosphorus values of lamb 
l 4 7 5 d~opped from 5. 48 to 1. ZO milligr~ms. at the end of the experiment. 
The re~ults of these phosphorus determmahons on the lambs of Lot 1 sub-
! 
stantia~e the previous work of Beeson, et al. ( 1937) who reported that lambs 
receiving 1. 31 grams of phosphorus daily showed signs of a phosphorus de-
i 
I 
ficiency. These workers stated that, after 133 days of feeding on the low 
! 
; 
i 
phosph1rus ration, the blood-phosphorus levels were reduced from 5-. 00 
milligr.li.ms to 3. 87 milligrams per 100 milliliters of plasma. Several of 
I 
i 
these l~mbs had a lower value than that indicated by the average, and other 
I 
lambs ~ad a normal plasma-phosphorus level. In anothe,r lot-which received 
I 
i 
I 
1. 7 grais of phosphorus, the average -plasma-phosphorus level was 5. 25 
milligrtms, although, obviously, some of these lambs were definitely de-
ficient in phosphorus. 
I 
! 
In vjew of the fact that some of the lambs in this experiment exhibited 
symptoms of a phosphorus deficiency and yet maintained nor.mal inorganic 
! 
phosphorus levels in the blood plasma, it is apparent that the concentration 
I. 
I , 
of the i~organic phosphorus in the blood plas·ma might not be a true ind.ica-
' 
tion of t;he phosphorus metabolism of lambs which have been receiving a low 
; 
i 
intake of phosphorus for an extended period. 
! 
The !average phosphor·us values of the lambs in Lot 2, which rece·ived 
I 
I 
additionb.l phosphorus, increased from 5. 07 milligrams at 268 days to 7. 55 
milligr1ms at the end of the experiment. Beeson,~ al. (1937) and Gallup 
and Briggs (1950) stated that lambs require about 2. 5 grams of phosphorus 
daily pe~ hundred pounds of live weight for efficient and rapid gains. 
I 
I 
I 
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A section of the femur from each lamb was ashed; the per cent ash of 
the dry,; fat-free bones is given in Table 3. There was very little difference 
I between! the ash of the bones of the lambs from the two lots; however, the 
I 
walls of the bones of Lot 2 lambs appeared to be thicker than those from 
Lot 1. The average ash content of the bones from the lambs of Lot 1 was 
66. 81, whereas the Lot 2 average was 67. 87. Lamb 1475, which had an 
inorganic phosphorus level in the plasma of 1. 20 milligrams, the lowest of 
any lamb, had an ash value of 65.83, the lowest ash value for any lamb. 
,, 
These ash values are lower than those found by Nash (1950), who reported 
ash values averaging 69. 5 per cent for ewes maintained on apparently ia-
adequate intakes of phosphorus. 
The vitamin A content of the blood plasma of the lambs is shown in 
Table 4. The average vitamin A values increased in all lambs following 
! 
carotene sµppJementation given 192 days after the iniation of the experiment., 
The vitamin A values of the lambs on the 268th day varied fro.m 9. 8 to 19. 7 
micrograms. The average values were about 20 micrograms lower than 
that usually found in comparable lambs given fattening rations containing 
roughage of high carotene content (Gallup,~~· , 1951). The lambs were 
nervous and excitable; these symptoms of vitamin A deficiency correspond 
to those reported by Klosterman, .=..!_~. '. (1949), 
Frotjl the 268th day until the end of the experiment, the vitamin A values 
! 
increase\d for lambs of both lots. The average plasma-vitamin A level of 
I 
the lam,. of Lot 1 was 14. 3 at 268 days and 20. 4 micrograms at the end 
of the experiment. For the lambs of Lot 2, the average vitamin A values 
! 
increase 1d from 15. 1 to 18.,2 micrograms. Although the vitamin A values 
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'.ril,IE· .· 4. 
VI.TAMIi A . COl'fD.r OF PUSMA. .AID LIVE OF LAMBS II J:XP.IRDtltff 1 .. 
.. ____ · --------------------- ___ _. ______ : ___ ~------------ -------- _._ - ··----~---·------------------------
Lot Lamb Ho. Aug. 2 
Dg,.vs on experiment 0 
1008 31~2 
l 1475 21.5 
1500 20.0 
I.at average . 
1471 28~7 
2 1474 42.7 
1478 16.8 
1.\85 33.2 
Lot average 
Average all lambs 27.8 
Plasma Vitamin A 
(mcg per 100 ml) 
Feb. 101 Apr. 272 ~ 10 
19? 268 281 
3.,6 13 .. 6 20.3 
2.8 17.7 27.5 
1.9 !!a.I ~ 
14 .. 3 23.8 
2.8 19.2 24.9 
3.2 11.7 15.6 
Hom 9:.8 9.8 
7.0 !.2.a1. ~ 
15.l 18.9 
3.1 
May 19 Jlq29 
290 299 
20 .. 3 20.3 
28.7 20 .. 8 
22 4 
= ~ 23.8 20 .. 4 
25.2 19.2 
· 18.2 15.l 
15.1 15.3 
.El.Ji ~ 
20.4 18.2 
1 All lambs supplementetf with ii1ne times caretene"requirement starting this date. 
2 Lambs o:f Lot 2 supplemented with additional phoap.borus th:ts date. · 
Liver Titmidn A 
· (lllCS_ ;per .sram.) 
-29 
299 
15.7 
12.0 
l2s0 
13 .. 2 
10.8 
15.2 
10.3 
1008 
U.8 
....;i 
N 
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increasbd more for the lambs in Lot 1 than for those in Lot 2; the increases 
i. 
I 
made bi both lots were small. Values for both lots were considered low, 
indicati[g that vitamin A storage in the liver was at a mimimum, 
Live!r analyses for vitamin A indicated that there was very little difference 
between!the two lots. As shown in Table 4, the average vitamin A content 
of the livers of the lambs in Lot 1 was 13. 2 micrograms of vitamin A per 
gram, whereas the livers from the lambs of Lot 2 contained 11. 8 micrograms 
per grai. · Although all lambs received approximately nine times the m.in.i-
mum re~uirements of carotene for a period of 108 days, it appears that the 
storage bf vitamin A in the liver was at a minimum at the start of carotene 
supplementation and that very little storage occurred after supplementation 
with nine times the minimum requirement. 
I 
• Sevel lambs 
which thly were 
', 
SUMMARY 
were fed a low phosphorus ration for a period of 268 days, after 
divided into two lots following a consideration of the inorganic 
phosphotus and vitamin A content of the plasma and body weights. The three 
lambs irt Lot 1 were continued on the low phosphorus ration, whereas the four 
lambs in Lot 2 were supplemented with sufficient dicalcium phosphate to ap-
proximate a phosphorus intake of 3 grams per hundred pounds body weight. 
I 
The lambs were bled at intervals of approximately ten days, and analyses 
I 
i 
were ma!de for inorganic phosphorus and vitamin A. Although the additional 
i 
I 
phosphorus fed to the lambs of Lot 2 caused an increase in plasma-phosphorus 
' 
values, :this increased phosphorus level in the plasma did not influence the 
vitamin A content of the plasma. 
Anal}ses of livers from lambs slaughtered at the end of the experiment 
' 
I . 
indicateq that there was very little difference in the vitamin A content between 
the two l'ots. 
Undeir conditions of this experiment, a low phosphorus ration did not ap-
1 
pear to affect the metabolism of carotene. 
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THE .EFFECT OF LOW PHOSPHORUS RATIONS 
UPON CAROTENE METABOLISM AND UPON STORAGE 
OF VITAMIN A IN THE LIVER OF BEEF STEERS 
EXPERIMENTAL PROCEDURE 
Nine head of yearling Hereford steers were us.ed in this study. They 
weighed approximately 680 pounds at the start of the expe·riment, August z. 
1949. These steers had received different feeds the previous winter but 
had been grazed together in the same pasture during the s·ummer at the Lake 
I . . 
Carl Blackwell Range Experimental Area, west of Stillwater, Oklahoma. A.t 
the start of the experiment, the steers were placed in a dry lot at the Experi-
mental Steer Feeding Barn near the campus and were fed a ration composed 
of 2 pounds corn gluten meal and prairie hay, free choice, in order to de-
: .. 
i 
plete thf steers of phosphorus. Corn gluten meal was used as the protein 
supplement because of its relatively low'phosphorus content. This ration 
furnished an intake of 1. 04 grams of phosphorus per 100 pounds live weight. 
After the steers had been on this ration for a period of 117 days, the amount 
of corn jgluten meal fed was reduced from 2 to 1 pound per day. This change 
I 
was made because the previous intake of 1. 04 grams of phospho.rus had not. 
lowered the inorganic phosphorus level of the blood plasma. The phosphorus 
intake per 100 pounds live weight for the· remainder of the 309-day depletion 
period was o. 5 gram. 
I 
Blo1d samples from the jugular vein were collected at the start of the 
experiJent and at intervals of approximately one month during the depletion 
period. The blood was collected in citrated tubes and analyzed for carotene 
and vita,min A by the Kimble ( 1939) procedure and for inorganic phosphorus 
75 
I 
I 16 
I 
by the E1'iske and Subbarow ·method { 1925}. After the steers had been on the 
i 
depletioh ration for a period of 270 days, liver samples were obtained and 
were anrlyzed for carotene and vitamin A by the m:ethod of Gallup and Hoefer 
(1946} •. 
The ;procedure used to obtain the liver samples from the steers on this 
experiment was one developed by Whitehair, Van Arsdell, and Thomas, of 
the Oklc1;homa A.~ M. Animal Husbandry Department ( 1950). This procedure 
is parti~lly illustrated by Figures 1 and 2. As shown in Figure 1, the steer 
was tie~ to a fence, little restraint being nec;essary for this operation; an 
I . , 
area 4 lJy 5 inches was shaved on the steer, the center of the shaved area 
I 
being 12 to 14 inches from the backbone, between the 12th and 13th ribs on 
I 
the right side of the ani.mal. The shaved area was cleaned with tincture of 
' 
Merthiolate and alcohol. ~ local anesthesia, composed of 50 cc. of 3 per 
cent PrJcaine ~ydrochloride, was injected subcutaneously and intramuscularly 
I 
near the; two ribs,using 20-gauge needles, 3/4 inch and l 1/2 inches long .• 
! 
After about five to ten minutes. a 3-inch incision was made midway and par-
1 
I 
allel wit!h the ribs. A 6-inch, blunt-ended trocar and canula with a 1-inch 
I 
diametet was then inserted through the muscle· fibers and into the abdominal 
' 
cavity. :The trocar was withdrawn, and a flashlight with an extension cable 
was inserted to determine the exact location of the liver. When the liver was 
located, I the canula was pressed against the liver, and the instrument designed 
to obtaij these, samples, shown in Figure 2, was inserted in the canula, pressed 
against 1he liver, and, after two complete turns, was withdrawn. The opera-
tive areI was treated and cared for as in accepted practices. The entire 
procedu .e, as outlined by Whitehair, et al. (1950) normally required about 
. 
I 
I 
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-------------------· -------- ----
---------. 
lfamber Calcium Dicalcium Averie,e Daiq · Intake 
Lot of Corn Gluten M,al Prairie Rq CerbollS.te Phosphate gms per 100 lbs. Ca: P 
Steers bed.Jr weight Ratio 
l 
2 
5 
4 
lbs. 
1 
l 
lbe. gms. 
10 62 
10 
e;ms. ca1ci1m.··.~:·P.b.osphorus 
..... __ 6.,45 0.50 
100 6.48 3.03 
1 -After one month on this ration, the daily ration of ea.ch steer vas supplemented wi,th 136,000 
microgr,ams of carotene. · 
12.8:1 
2.1:1 
-.J 
~ 
F igure 1 . L ocal anethesia being given to steer in area of operation . 
F igure 2 . Instruments used in obtaining liver samples -- from bottom 
to top - - instrume nt designed to obtain liver samples and a 
2 . 2 gram liver sample, ruler, canula, trocar, flashlight 
with extension cable . 
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20 to 30' ·minutes. The O. 5 to 3. 0 gram samples obtained from the steers in 
l 
1· 
this mal!lner were wrapped in cellophane, placed in labeled jars, and immedi-
1 
I 
ately frozen on dry ice. These samples were kept frozen until they wer·e an-
alyzed for carotene and vitamin A. 
After 309 ,days in the phosphorus depletion ration, the steers were 'divided 
into two lots according to their live weight, blood and liver levels of carotene 
and vitamin A, and plasma level of inorganic phosphorus·. The steers were 
placed in stalls in the Animal Husbandry Are.~ and fed individuaHy, in order 
that the intake ofphosphorus and carotene might be controlled. Lot 1 steers 
were continued on the low phosphorus ration, whereas the ration of ~ot 2 
steers was supplemented with sufficient dicalcium phosphate to provide a 
total phosphorus intake of approximately 3 grams per 100 pounds of Jive 
weight. i The ration fed each lot is shown in Table f;. 
Blood samples were obtained at ten-day intervals and liver samples at 
monthly ·intervals. 
In order to determine whether or not the phosphorus intake of the s.teers 
would influence carotene metabolism when the carotene intake was high, the 
ration of all steers was. supplemented with sufficient carotene to provide a 
total intake of approximately 15 times the minimum, il'equirement •. T.his sup-
plementation was begun thirty days after the steers were allotted. The mini-
mu·m re~uire·ment of carotene was estimated fro·m .the work of -Guilbert, ~ !!.· 
(1937, 1~40); 13.6 micrograms per pound body weight per day was used.as a 
minimuJ. The carotene used was a crude ca.rotene concentrate prepared 
I 
from alfJlfa (Valley Vitamins, Inc.) which had a potency of 20, 000 microgrartls 
I 
l 
per gram. One hundred and forty grams of the crude carotene concentrate, 
~8 
400 ml. of corn oil, and 100 ·ml. of Skelly Solve 11 F 11 were placed in a Waring 
Blender, and mixed until an emulsion was form:ed. 
I 
I I . 
This carotene emulsion was placed in glass jars and kept in the refni!g,era-
tor. At each feeding period, the jars were thoroughly shaken and 25 cc. of 
the carotene concent'rate emulsion were measured in a gratluated flask and 
.. 
poured on the. feed of each steer. This amount provided 136, O~O micrograms 
carotene per steer per day in addition to that received from the prairie hay. 
The steers were s.laughtered on September 11, 1950, 405 days after the 
initiation of the experiment and 96 days after the steers of Lot 2 received 
additional phosphorus. At this time, the livers were collected, and .weighed; 
representative samples wr'la.pped in cellophane were kept frozen until they 
r 
were analyzed for vitamin A. · The method used for this analysts· was that of 
Gallup. and Ho~fer (1946). A fore shank of each steer was also obtained at the 
time of slaughter, and a cross section of the foreshank was later analyzed 
for bone ash by the method descri.bed in the Official and Tentative Methods of 
Analysis of the Association of Official Agriculture Chemists (1945). 
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The che·mical composition of feeds used in Experiment 2 are given in Table 2. 
'!'ABIE 2 
CDMICAL CO.MPOSITION OF ]DDS USED IN E.XBm:omtl' 2 
' Dry Per cent comooeition of dr.v matter 
Item Date Matter Ash Protein Fat Fiber N .. F.E. Ca p 
Corn Gluten Meal 11/22/49 ----- -t!!ll--- !4l.6o ---- ------ ____ ..,, o.41 o.lq 
If fl It 12/21/49 93.36 1.30 42.37 2.59 . 3.30 50.53 0.03 0.275 
H H n 1/2/50 94.46 ---- 42.22 ---- -----
..., ____
0.03 0 .. 314 
fl II n 4/24/50 92.40 2.21 51.68 
_,, ___ 
-=-·-- -----
-__ ..._ __ 0.,392 
YI ii ii 6/22/50 93.00 ---·- _,.._.,.._ ---- ----- .. ---- ---- 0.232 
ii n H 7/10/50 93.00 ---- ----- ---- ----- ----- -<Z>~- 0.261 
H ii n 9/11/50 93:-00 ---- ----- ----- .a:,---- 0.791 
Prafrie Rey 11/22/49 ----- ---- 4.oo ----
____ _,, 
a:> ___ ..,,, 
--~- ------
-
n II 12/15/49 91.94 7.69 4.22 2.57 32.77 52.75 0)1-9 0.050 
it tt 
'i/12/50 94.22 ---- ----- ---- ----- -----
___ _,, 
-----
H ii 
' 2/9/50 94.43 7.03 4.34 2.18 32.64 53.81 o.45 0.048 
it tt 3/15/50 93.45 7.96 '-4:.:00 2.48 32.00 53.38 o.45 0.056 
ff n 6/27/50 93.00 ---- ----- ---- ----- ------ ---- ------
ii ii 7/10/50 93.00 ---- ----- ---- ----- ----- m::,.,.,._a:::,. ------
ii ii 
-9/10/50 93.00 ---- __ ..,. .. _ --·- ... -----
----= ---- -~---
Dicalcium Phosphate ----- ----- ---""'"- ----- 11£>---- ----- _25;;00 18;;00 
Calcium Carbonate ----- ---- ----- ---- ------ --... -- 40.00 ------
l Crude oarotene--all other carotene values 1•e:ported as true carotene. 
Carotene 
p.p.m. 
19.11 
8.8 
14.l 
17.l 
17.6 
11.4 
2.,9 
3.1 
00 
0 
I 
I 
RESULTS AND DISCUSSION 
I All steers gained weight during the early part of the phosphorus depletion 
period. The average weighL: of the steers at the beginning of the experiment 
was 679 pounds, and after 117 days of feeding, the average was 759 pounds. 
At this time, the amount of corn gluten meal fed was reduced, and the steers 
gradually lost weight until t:he end of the 309-day depletion period, at which 
time the average weight was 672 pounds. The steers exhibited some outward 
symptoms .of a phosphorus deficiency such as. poor condition, rough hair cpat, 
and a depraved appetite. Although prairie hay was fed, free choice, the 
amount consumed by the steers decreased from 15 pounds during the first 
117 days of the experiment to 10 pounds at the end of the depletion period. 
The steers of both lots gained weight during the period of phosphorus supple-
mentaion. Lot 1 steers averaged 657 pounds at 309 days and 717 pounds at 
405 days, the end of the experiment. Lot 2 steers weighed 691 and 785 pounds 
at the two respective periods, 
The plasma-inorganic phosphorus level of the steers at the start of the 
experiment averaged 6. 0 milligrams per 100 milliliters of plasma..· After 
the steers had been on a low phosphorus ration for 309 days- -a ration which 
provided an intake of 1. 04 grams of phosphorus per 100 pounds live weight 
or 7~ 7 grams phosphorus per steer per day for the first 117 days and an 
intake 0£ O. 50 grams phosphorus per 100 pounds live weight or 3,4 grams 
I 
! 
phospho;rus per steer per day for the remaining 192 days of the depletion 
period;· the average inorganic phosphorus level of the plasma had only 
I 
dropped! to 4. 0 millig:rams. These results are similar to those obtained by 
81 
Beeson,'...=!~- (1937), who reported a definite phosphorus deficiency in steers 
which h~d been receiving a daily phosphorus inta~e of 8. 23 grams for 100 
days. The blood-phosphorus level in these steers dropped from 6.11 to 4. 40 
milligrams. Beeson further stated that the phosphorus deficient steers re-
quired 25 per cent more feed to make 100 pounds gain and that the beef steer 
apparently requires about 2 grams of phosphorus daily per 100 pounds of 
live weight for normal growth and fattening. 
The analyses of the blood plasma for phosphorus during the expe:-rimental 
period are given in Table 3 arid Figure 3. Both lots had the same average, 
4. 0 milligrams of phosphorus per 100 milliliters of plasma, at the start of 
the experimental period. After one week of supplemental phosphorus feeding, 
the blood-phosphorus level of Lot 2 steers had inlireased to 12. 3, and the 
level for Lot 1 steers had increased to 5. 6 milligrams. These values grad-
ually decreased during the experimental period, as is graphically illustrated 
in Figure 3. At the end of the experimental period, 1Lot 2 had an average 
of 7. 2; Lot 1 had an average of 4. 3 milligrams. This difference was highly 
significant {Snedecor, 1946). Steer number 9,3 in Lot 1 and steer number 92 
in Lot 2 had consistently lower values than thos:e~'.oi:cthe other steers~ 
Carotene 
The c1.verage carotene level of the steers at the start of the experiment 
was 364 micrograms per 100 milliliters plasma; this value decreased to 
I . 
105 micrograms at the end of the 309-day depletion period. The Lot 1 
'1 
i 
steers hc1.d an average carotene level of 98 at the start of the experimental 
i 
period, vyhereas the level of carotene for Lot 2 steers was 115 micrograms. 
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TABIE 3 
INORGANIC PHOSPROmJS CO:N'IDT OF PLASMA OF S1!DRS INEJCEDIMDT 2 
Plasma Inorganic Phosphorus 
(IDS :per 100 ml) 
Lot Steer 8L2/42 5/9/50 g/J;f_1 9}.gJ_ 7./:L WQ U3J= 81.9. 8/21 §.L3.Q Number 
Da..ys 0 280 318 329 332 353 363 372 384 393 
l 93 6.2 2.4 3o5 3.2 2.7 2.5 2.4 2.3 2.6 2.5 
94 5.6 4.2 6.6 6.o 6.4 5.0 5.2 5.4 6,,8 506 
95 5.9 4.9 6.5 5.2 6.2 5o4 6.o 5.6 6.2 5.0 
99 7.2 4.5 5.6 5,6 5o7 4.6 4.2 4.8 5.9 4.9 
101 5.5 :L..2 690 2s.1 2.i£ 2.i£ 6.4 2& 6:2 Ll 
Lot average 4.o 5,6 5oQ 5.2 4.5 4.8 4.6 5.5 4.5 
2 92 5.6 3.6 11.8 8.4 9.0 8.4 7.6 7.5 6 .. 8 7.3 
97 5,5 3.,4 12.1 10.l 11.4 10.2 10.4 8.9 7.8 6.8 
98 6.o 4.8 12.5 9.8 11.2 9.6 9.8 808 8.8 7.3 
100 6.5 42 1 12.6 .2.d ~ ~ ~ 8)., 821 2a_g 
Lot average 4.o 12.3 9.3 10.3 9.3 9,3 8.4 7.9 7.7 
Iru.tial average 
all steers 6.o 
1 First bleeding date after the ration of Lot 2 steers had. been supplemented with additional 
phosphorus. 
**Significant at the 1% levelo 
9/.];):, 
405 
2.1 
5.2 
4.9 
4.1 
~ 
4.3 
6.2 
1.0 
8.o 
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Values obtained from steers in Experiment 2. 
-
1 I ! L1 w p h o s p h or u s 
l H I t~ h I) h O S p h l) f' ll S 
CAROTENE 
120.0 
110.0 
/\ 
~ 100.0 I \ \ 
0 90 .ol\ 0 
I \ 
I 
I \ 
\/ A 
-
'-
'll so.o 
0.. 
~c 70.0 
'..J 
~ 
60.0 
50.0 
40 0 
Figure 4. 
', 
//~/ J 
\Jl '71 'JI - J 
---- -. (. 
(!) ~ t...1 
·--J. ---J r_, 
j_ 
Values obtained from steers in Experiment 2. 
All steers received additional carotene from 
July 7 until end of experiment. 
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The average carotene levels dropped considerably during the following month, 
as is shown in Table 4 and Figure 4, at which time the average was 49 for 
: . 
Lot 1 stieers and 43 micrograms for Lot 2 steers i 
The carotene values increased in both lots after carotene supplementa-
tion; however, the increase was greater for the steers in Lot 1 than for 
the steers in Lot 2. After 66 days of supplemental feeding with carotene, 
the average cardtene values were 119 for Lot 1 and 76 for Lot 2. This 
' ' ' ' '1 
difference was not significant, the lack of significance probably due to the 
consistent high level of carotene in steer number 97 in Lot 2~ 
These results indicate that steers receiving a low ihtake of phosphorus 
tend to have higher carotene values than steers receiving a high intake of 
phosphorus. These data substantiate, to some extent, the work of Gallup 
and Ross (1948). who reported that pregnant beef cows which received a low 
I . . 
I 
intake of phosphorus had higher carotene values than those which received 
a high intake of phosphorus. 
Vi.tamin A 
At tfre start of the depletion period, the average vitamin A level in the 
plasma of all steers was 29 micrograms per 100 milliliters~ This average 
value gradually decrec\-sed to 18 micrograms at the end of 309 days. When 
the steers were allotted, the Lot 1 steers had an average of 16 and Lot 2 
an average of 20 micrggrams. One month later, when carotene supplementa-
tion was begun, both lots had an average of 13 micrograms. As shown in 
; j 
Table S and Figure 5, the level of vitamin A in the plasima of both lots in-
creased tfter1 the steer·s were given carotene; however, the increase was 
T.Al3m 4 
CARO'.l'ED' COlffDT OF PLASMA OF S'l'.JlmS IN EX!DI.Slff 2 
Plasma. Carotene 
(mog per lOO ml) 
steer 
1./11 Lot Number 8/2/49 5. /9.[5.o §./J;J_ §/gL 7/20 1/:Jl §/.!l 8/21 §L3Q 
Days 0 280 318 329 339 353 363 372 384 323 
l:. 93 JJ.67 125 56 47 44 67 103 82 105 115 
94 329 71 4o 4o 34 86 107 70 94 91 
95 456 110 78 58 50 98 110 103 lo4 113 
99 319 87 69 54 46 8o 96 83 81 82 
101 312 
.~ 
§.2 11 73. fil 124 · 110 124 11§. 
Lot average 98 66 54 49 84 108 90 102 loB 
2 92 309 96 65 46 35 66 78 70 73 66 
gr 434 182 125 99 73 125 135 137 151 146 
98 303 TI 52 4o 34 50 50 1R3 81 62 
100 351 103 ~ 35. 28 1i8 _26 !fl 22 44 
Lot aver~ 115 75 5, 43 72 80 76 90 80 
Initial average 
all steers 364 
1 starting this date, the de.i'.cy' ration of each steer was sup:ple:mented with 136,000 micrograms 
of carotene~ 
W4 
405 
lo4 
109 
126 
101 
m 
119 
· 69 
133 
65 
ll 
76 
00 
"' 
TA:Bm 5 
vn'.AMIB A COlffE.l'f OF PLASMA. OF mnes- nrEXP.BRIID'i' 2 
Plasma Vitamin A 
(mes per 100 ml) 
steer-
Lot ffimiber· 8/2/4<).. 2/2J:i.O §/);L §jgJ_ 1.lJ..l 7/20 1ill. ~ 8/21 8/30 
Dg:s -0 28o 318 3s.2 332 32,3 363 3:z2 384 323 
l 93 27 20 16 15 13 13 13 l2 14 14 
94_ 29 17 16 16 14 l3 19 8 11 16 
95 21 15 15 16 12 13 l3 13 7 20 
99 24 16 16 J.8 13 11 14 11 15 15 
101 - 39 ll 1:2 18 11 .12. .ll 12. !! 22 
Lot average 16 16 17 13 l3 15 12 12 17 
2 92 20 l3 14 l3 9 15 l3 14 17 24 
97 40 27 23 : ~-: 22 J.8 18 21 23 23 34 
98 36 22 11 15 12 11 11 18 22 16 
100 24 12 18 12. .ll 12 18 12. XL 22 
Lot average 20 17 16 l3 14 16 18 20 23 
Initial average 
all steers 29 
1 Sta:i"tin~fthis date, the dai~ ration of' each steer was supplemented with 136,000 :microgr:oems of 
C arotelie ~ . 
*Significaat at the 51, level. 
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F igure 5. Values obtained from steers in E xperiment 2 . 
A ll steers received additional carotene from 
July 7 until end of experiment. 
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Figure 6 . Values obtained from steers in Experiment 2. 
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greater for the steers of Lot 2 than for the steers of Lot 1. At the end of 
the experiment, the average values were 17 for Lot 1 and 22 micrograms 
for Lot 2. This difference was significant (Snedecor, 1946) although there 
was very little difference in the values between the two lots. 
The location of the intestine as the site of transformation of beta-carotene 
' to vitamin A in the rat has been demonstrated by Mattson, et al~ (1947), 
Sexton, et al. (1946), Goodwin and Gregory (1948), and Glover, Goodwin, 
and Morton (1948). Although there can be no doubt that beta-carotene is 
the precusor of vitamin A in the animal body, little is known of the mechan-
ism of the transformation of carotene into Vitamin A. The results of this 
study indicate a trend for steers having low plasma-phosphorus values to 
have higher carotene and lower vitamtn A values than steers having high 
plasma-phosphorus values. It is suggested that the level of phosphorus in 
the blood plasma may play some role in the transformation of beta-carotene 
into vitamin A, under certain physiological conditions. 
Liver 
The results of the analyses of liver samples, obtained by biopsy and at 
the time of slaughter, for carotene and vitamin A are shown in Table 6 and 
Figure 6. Liver samples obtained 280 days after the initiation of the experi-
ment showed that the livers of the Lot 1 steers contained 225 and Lot 2 steers 
158 micrograms per 100 grams of liver. At the time of slaughter, the values 
for Lot 1 and Lot 2 were 201 and 192 micrograms, respectively. The values 
of carotene and vitamin A for steer 99 at 280 days and for steer 101 at 339 
days were extremely low in comparison with later values and were not 
TAEI.E 6 
C.ABOTJmE llD VITAMIN A CO:N'f.ENT t>F S'mR LIVD 
(Obtained by biop~ and slaughter) 
(mQ& per 100 gm liver) 
Steer 11:I.l W::12 Number w. §jg lUlQ 
Daya 280 339 365 393 405 
Qarotene 
Lot l, Lo,, Phosphorus 
93 : 2i4 113 205 174 214 
94 139 126 189 182 261 
95 264 3 129 213 202 251 
99 (18) 116 135 95 126 
101' 284 (None)3 m .m 251 
Lot averae;e 225 121 196 165 201 
Lot 2, High Phosphorus 
92 149 100 189 125 170 
97 224 204 212 251 251 
98 72 (:N9ne)3 177 145 225 
100 186 (None)3 m. 163 122 
Lot average 158 152 179 171 192 
i 
Vitamin L 
Lot l, Low Phosphoru.s 
93 961 379 864 557 1833 
94 loll-1 776 661 490 2474 
95 1086 3 811 965 1037 1781 
99 (8) 495 738 56o 1570 
101 I _QQ2 .. m:r,3 11Q ~ ~ Lot average 938 615 840 639 7 
Lot 2, High Phosphorus 
92 127 453 730 483 ,l125 
97 1022 1066 1697 2179 .·.·2467 
98 477 1044 1309 1023 944 
100 gm 2424 2143 ~ 2683 
Lot average 950 1237 1470 1421 1804 
Weight Total 
Liver mcg 
lbs 
6.2 6,024 
5.6 6,636 
5.0 5,697 
6.1 3,489 
2.J. '11635 
5 .. 9 5,896 
6.2 4.,785 
6.o 6,837 
6.4 6.538 
~ 31482 6.2 5,412 
51,595 
62,899 
40.,429 
40,340 
381631 
46,778 
31,667 
65,147 
27,429 
16.132 
50,746 
L Ste:t"ti~ this date, the daily ration of each steer was supplemented with 
· 136;000 micrograms of carotene. 
2
. Values 'obtained at time of slaughter. 
3 These··values werif considered low in com;parison with later values and were not 
averae;ed with values obtained f'rOlll. the other steers~ 
,. 
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averaged with the values obtained for the other steers. 
The amount of vitamin A in the livers of the steers of Lot 2 was 
greater at 280 days than for the steers of Lot l, the respective values be-
ing 950 and 938 micrograms per 100 grams of liver. The amount of vita-
min A increased in the livers of Lot 2 steers, whereas for Lot 1 steers 
there was a decrease; however, analyses of liver samples taken at the 
time of slaughter showed practically the same value for both· lots. Although 
the vitamin A values obtained from liver samples taken by biopsy were 
reasonably consistent, these values were much lower, as a rule, than 
values obtainedJrom samples taken at the time of slaughter; this differ-
ence was especially noted in values obtained for Lot 1. 
The variation in results of analyses of liver samples taken by biopsy 
and those taken at the time of slaughter may h~:1:ve been due to the fact that 
most of the liver samples taken by biopsy contained some scar tissue and 
were engorged with blood, whereas the samples taken at the time of slaugh-
ter contained no scar tissue and little blood. Some error could result from 
the weighing and handling of the relatively small, (0. 5 to 2. 5 grams) 
samples obtained by biopsy. 
Bone Ash 
The per cent ash of dry, fat-free bonErs is given in Table 7. The average 
for both lots was about the same; however, there was considerable varia-
tion in the Lot 1 steers. Steer 99 had an ash of 73. 2 per cent, whereas 
steer 101 had i;l:n ash of 53, 2 per cent. The average per cent bone ash was 
65. 1 fo:r Lot 1 and 65. 5 fo:r Lot 2 steers, 
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PD CDf ASR. OF DRY, FA'f-F!D' :BODS F.ROR S'SIBS II' .EXP.IRDIIN! ·2· 
! . . . , . . .. . .. .· ·: 
Lot l Low Ph.· OS"""'O.rus , ' .tt-
steez• 
lfmltber 
93 94 
95 
99 1or ·· 
Average 
Pe~··eent 
Ash 
63.34 
65.li-O 
65.26 
73.22 
53.22 
65.09 
Lot 2, Rigb. P.bosph~ 
steer 
_Avereee 
~r··cent 
Ash 
65.23 
65.23 
65a2 
65;74 
65.Jia 
9Z 
SUMMARY 
' 
N'inel steers were fed a low phosphorus ration for a period of 309 days, after 
which time they 'were divided into two lots, on the basis of the inorganif: phos-
phorus level of the plasma; carotene and vitamin A content of the plasma and 
liver; and body weights. 
' 
The five steers in Lot 1 ~ere contin'ued on the low phosphorµs ration, 
from whicp. they received approximately O. Sgram of phosphorus per 100 
pounds live weight, whereas the ration of the four steers in Lot Z was supple-
mented with sufficient dicalcium ·phosphate so that the daily inta.ke of phos-
phorus per steer-was approximately 3 grams per 100 pounds live weight. 
Blood samples obtained at intervals of about 10 days were analyzed for 
inorganic phosphorus, carotene, and vitamin A.· Data from .these analyses 
indicate a trend for the Lot 1 steers, which had low inorganic phosphorus 
.levels in the plasma, to have higher carotene levels and lower vitamin .A 
levels than the steers of Lot Z, which had higher inorganic phosphorus levels. 
It is suggested that a certain level of phosphorus in the blood of steers may 
be neces·sary in some manner for the conversion of carotene into vitamin A 
in the intestinal wall. 
Liver samples obtained by biopsy and taken at the time of slaughte,r· of 
the steers, 96 days after experimental feeding was begun, were analyzed for 
carotene· and vitamin A. The carotene values of liver samples taken by biopsy 
i 
I 
from Lo~1 1 steers tended to be higher and the vitamin A values lower than 
I 
! 
vlil.lucu obtained from Lot 2 stecrrsj however, the values of carotene a.nd 
I ' 
vita.min,+ were a.bout the same for both lots at the time of slaughter, 
. i ' 
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THE E.FFECT OF LOW PHOSPHORUS RATIONS 
, UPON CAROTENE METABOLISM AND UPON STORAGE 
. OF VITAMIN A IN THE LIVER OF MATURE BEEF COWS 
EXPERIMENTAL 
Objectives 
1. To d~termine the effect of low phosphorus rations upon the blood plasma-
I 
inorganic phosphorus, carotene, and vitamin A levels of beef cows. 
2. T~ determine the effect of low phosphorus rations on liver storage of 
carotene and vitamin A in beef cows. 
3. To determine the effect of low phosphorus rations upon carotene and 
vitamin A content of the colostrum and milk. 
4. To determ,i,ne what effect the feeding of low phosphorus rations .to beef 
cows will have upon the blood and liver values of their calves and upon 
the subsequent storage of c:rarotene and vitamin A in the liver. 
Procedur~ 
Nine grade Hereford cows, averaging 11 years of age, were placed on a 
low phosphorus ratio.n N:o;vember 16, 1951. Th.ese cows had been on an experi-
ment in which they received different feeds. but the phosphorus intake of each 
cow in pd::ceding years had been approximately the same. The previous sum'." 
mer, the ;cows had grazed in pastures of comparable forage. and acreage at 
. i 
I 
:he Lake 'c~rl Blackwell Experimental Range ·west of Stillwater, Oklahoma. 
~11 cows had been pasture bred, and, after examination, were thought to be 
·. I 
I 
safely in talf. The cows were placed in a dry lot at the Experimental Steer 
~eeding Barn near the Oklahoma A. and M. College campus and were fed a 
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low phosphorus ration composed of 1 1/2 pounds of cc;,rn gluten meal and 
prairie p:ay, free choice. Corn gluten meal was used as the protein supple-
I 
ment because of its relatively low phosphorus qi:bntent. The ration provided 
'1· 
a daily i_ntake of about 0. 5 gram phosphorus per 100 pounds Hve weight. 
Blood sa.mples were taken from .the jugular vein at the start of the experi-
ment and thereafter at intervals of approximately one month until calving-. 
The bloqd was collected in citrated tubes and analyzed for carotene and vita-
l 
men A b~ the Kimble procedure (1939) and for inorganic phosphorus by the 
Fiske a'nd Subbarow method (1925). 
Afte::r the cows had been on the depletion ration for 71 days--a time , esti-
1 
mated to be about four weeks before parturition, liver samples were obtained 
by biopsy technique (Whitehair, et~ 1950) and were analyzed for carotene 
and vitarhin A by the method of Gallup and Hoefer (1946). Analyses of blood 
and liver samples taken at this date were used in dividing the cows into two 
lots. From this time until the cows calved, the four cows in L.ot 1 w:ere fed 
the pho~phorus depletion ration; the five cows in Lot 2 were fed the same 
ration sqpplemented with sufficient bonemeal to provide an i??,take of approxi-
1 
mately 3. 0 grams phosphorus per 100 pounds Hve weight. Up to this time, 
the cows consumed similar amounts of hay which furnished approxi~ately 
80 milligrams of carotene per cow per day. 
At the time of calving, blood, liver, and milk samples were obtained from 
the cows~ and blood and liver samples were obtained from the calves; birth 
i 
weights were also recorded. The cows were inspected frequently, and immedi-
ately foll,owin:g parturition. calves were separated from the cows without be-
, 
I 
ing allowed to nurse until blood, liver, and milk samples had been procured. 
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In a few cases, calves may have nursed before samples were taken. When 
blood and liver samples .had been obtained, the cows and their calves were 
I 
placed \n stalls in the Animal Husbandry Arena and were fed individually, in 
order to control phosphorus and carotene intake. The ration fed each lot 
after calving is given in Table 1; the composition of the feeds used in the 
experiment is given in Table 2. 
At weekly intervals fd'r one month and then at the sixth and eighth week, 
' 
blood samples were taken from each cow and her calf and milk samples from 
! 
each cow. Milk samples were frozen until they were analyzed for carotene 
and vitamin A by the method of Boyer, et ah (1944). Calves were weighed 
at the time of e.ach bleeding. 
Results of these blood determinations and those of vitamin A in the liver 
indicated that the cows were receiving sufficient carotene to maintain liver 
storage of vitamin A. Consequently, the carotene content of the r.ation was 
reduced by feeding cottonseed hulls or beet pulp ins.tead of prairie hay. 
Cows 33 and 46 in Lot 1 and cows 19 and 50 in Lot 2 calved earlier than 
the other cows and received cottonseed hulls as a replacement of part of the 
prairie hay during the second month. Because cottonseed hulls proved to be 
unpalatable, when comprising two-thirds of the roughag.e of the ra.tion, the 
hulls wejre re,placed with beet pulp at the end of the second month. 
I 
Cow 141 in Lot 1 and cows 90 and 98 in Lot 2 received th.e same total intake 
I 
of prair~e hay during the second month. In addition to prairie hay, cow 41 
received beet pulp, whereas cows 90 and 98 were fed cottonseed hulls the 
first two weeks and beet pulp the second two weeks of the second month of the 
experim~nt. 
TABIE 1 
AVERAGE DAILY RATIONS :n:D '.rO COWS m EXP.!R:rmlfr 3 
Corn Cotton- Average Deily Intake Average1 
Lot Cow No. Gluten Prairie seed Beet Calcium :Bonemeal gms/100 lb. body wt. CafP Daily 
~al Ha;r Hulls Pu.lp Carbonate Ca p Ratio Carotene 
Intake 
lbs. lbs. lbs. lbs; gm. gm. gm. gm. mg. 
1 All 1.5 10 
End-of depletion period until parturition 
--- --- 125 --- 6.91 0 .. 58 11.9~1 81. 
2 All 1.5 10 --- --- --- 150 7.14 3a00 2.4:1 81 
1 All 1.5 15 
~ partur:i:tion until end of four::bh week 
--- --- 125 --- 8.43 0.71 11.9.1 116 
2 All 1.5 15 --- --- --- 150 9.11 3.38 2.7:1 116 
From. four weeks to five weeks after :parturition 
1 33, 46 1.5 10 5 --- 100 --- 6.09 0.70 9.6gl 81 
2 19, 50 
90, 98 1.5 102 5 --- --- 125 7.78 3.20 2.4:1 81 
l 413 1.5 5 -.-- 10 100 --- 12.12 1.33 9;,1~1 45 
l ~~ 1.5 -- --- 10 100 --- 8.78 o.66 13.3: 1 11 2 1.5 -- --- 14 --- 125 10.93 3.32 3.3: 1 ll 
1 33, 46 1.5 
From five weeks to eight weeks after per:t:atittton 
5 10 --- 100 --- 5.49 0.72 7.6:l 45 
2 19, 50 
54 90, 98 1.5 10 --- --- 125 7.05 3 .23 2.2:1 45 
~ eight weeks to twelve weeks after parturition! 
l 33, 46 1.5 5 --- 10 100 --- 9.12 1.00 9.l:l 4o 
2 19, 50 1.5 5 --- 10 --- 125 11.80 3.77 3.1:l 4o 
From twelve weeks to twentz weeks after parturition6 
1 33, 46 1.5 --- --- 14 100 --- 10.20 0.73 :J.lJ.~O:l 11 
2 19, 50 1.5 --- --- 14 --- 125 12.35 3.,72 3.3:1 11 "° -.J 
'!'ABIE 1 (Continued) 
1-!his value includes 11 milligrams of carotene which· was present ill 1.5 :pounds-9f · corn gluten meai:· -
2 Cow 41 received this ration until the end of the seventh week; the five pounds of prairie hey were 
not fed during the eighth week in· order that the total intake of prairie hs;y for the month would be 
be equal to that consumed by cows 90 am 98. 
3 Cows 43 and 29 received this ration from the fourth to the end of :the eighth week. 
4 Cows 90 and 98 were fed this ration only to the end of the sixth week; from the sixth to the eighth 
week they were fed 1.5 :pounds corn gluten meal and 10 :pounds beet :pulp. 
5 The feeding of 5 pOWlds of :prairie hey was discontinued at the end of the eleventh week; two pounds 
of beet :pul:p were added to the ration during the eleventh to twelfth week. 
6 Fran the twelfth to the thirteenth week, the cows received only 12 :pounds of beet :pulp. 
~ 
00 
TABm 2 
CHDICAL COMPOSI'l'IOll OF l!DDS USE'D llf lll.i:zRDBl'J.' 3 
Dry Per cent composition of .dr:r matter 
Item Date Jla.tter Ash Protein Fat Fiber Jr.F~:S. Ca P Carotem 
p.p.m. 
eorn Gluten Msal 2/24/51 ----- ----- ----- ---- 9;1.---- "-.---- ().095 0.518 15.51 
Prairie liq 2/2Ji/51 ----- ----- ----- ---- ----- ----- o.410 0.037 15.52 
Corn Gluten leal '4/_30/51 92.62 3.00 45.51 1.65 4.70 45.14 0.11 0.57 
Molasses :Beet Pulp 4/30/51 91.i53 7.19 7.88 o.47 14.85 69.61 o.ao o.~ 
Cottonseed Ralls 4/30/51 90;62 2.86 4.o4 0.70 46.50 45 • .90 0.11 0.05 
Bonemeal · '4/30/51 97.30 90.57 3.73 ---- ------ 5.70 33.14 15.u 
C.alcium Carbonate 4/30/51 100.00 99.54 ----- ---- ----- ----- 38.oo -=--- a2 Prairie ll~ 4/30/51 ------ ----- ----- ---- ----- ----- --a:r-- ----- 12 .. 
:BoJJeJDeal 6/12/51 98.27 87.62 7.18 0.12 --c::11-- 5.20 31.04 15.57 
Beet Pulp 6/12/51 91.30 2.98 8.93 0)1-7 22.72 64.90 0.81 o.o4 
l This amount of carotene present in corn gluten meal was i~cluded in calculation of daiq intake· of the cows. 
2\.Air-dry basis. . - - .. 
'° 
'° 
Cow 43 in Lot 1 and cow 29 in Lot 2 were fed only beet pulp as roughag,e 
during the second month. 
Cows 33 and 46 in Lot 1 and cows 19 and SO in Lot 2, because they calved 
earlier than the other cows, were continued on the experiment until twenty 
weeks after calving; the experiment was terminated for all othe.r cows at the 
end of the eighth week. From the twelfth to the twentieth week, the two cows 
in Lot 1 and the two cows in Lot 2 were fed a carotene-deficient ration; 
however, a s·mall amount of carotene was found to be present in corn gluten 
meal. 
Cow number 46 in Lot 1 lost her calf at the time of calving; in order to 
keep her in the experiment on a basis comparable to that of the other cows, 
a Holstein calf was ob,tained for the cow to suckle. No data on 1 this calf 
were included in the experiment. 
At the completion of the experiment, the cows were turned to grass. 
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RESULTS AND DISCUSS,ION 
The cows in the high phosphorus lot required no assistance at the time of 
calving, and all calves appeared to be strong. One cow in .the low phosphorus 
.lot required assistance at calving, and one calf died shortly after birth; all 
calves in the low phosphorus lot were weak at birth. 
The results of blood plasma analyses are given in Table 3. The average 
PlasgTai~,inorganic phosphorus level of both lots was 2. 8 milligrams per 100 
milliliters plasma. At parturition, the ave.rage for the low phosphorus lot 
was 4. 0, whereas the the average for the high phosphorus lot was 7 ~ 9 mgs •. 
Eight weeks after parturition, the average for Lot 1 was 2. O; the average 
for Lot 2 was 5.6 mgs~ 
At the initial bleeding, the average carotene values were about the same 
for both l<;>ts. From the first bleeding .until parturition, the average c~rotene 
values decreased from 194 to 180 micrograms per 100 mPliliters plasma 
for the low phosphorus cows and from 190 to 165 mic.rograms for the cows 
of Lot 2~ The carotene values for both lots were lower one wee)<. after calv-
ing thanjat calving. Gallup and Kuhlma11. (1941), Sutton and S.oldner (1943), · 
Kuhlman and Gallup (1944). and Sutton, et al. (1945) observed that in dairy 
cattle there is a drop in plasma-carotene levels a few days before parturition 
I 
and afu·rther drop immediately following parturition. The carotene values I! 
for the low ph~sphorus cows increased at the second week, whereas values · 
I 
for the high phosphorus cows decreased. The average carotene value of the 
low phosphorus cows was higher at ea.ch date of bleeding for the first eight 
weeks th
1
an those of the high phosphorus cows, These results are similar to 
101 
102 
T.AJ3m 3 
:BLOOD PUSlfA AJJALlSES OF COWS II' .I.XBtRIJSB.r 3 
..., .. _ 
i 
End .. 6fl Partu- Weeks Pol!c12ertal 
bepletion rition 1 2 3 4 6 8 ,(, 12 16 20 
Period 
·Carotene 1gg ~ lOQ ml) 
Lot 1, .. Lew P.b.osphorus 1Bt 33 160 138 138 16o 155 174 172 54 32 24 
46 2'2 214 114 180 190 161 219 186 44 39 40 
41 208 209 206 204 178 1.55 25 78 
43 
--~-
m l28 121 Y2 .llQ _j!-. ..3!! 
AY. .J.80. .147 166 163 155 136 122 49 36 32 
I 
Lot 2, ·· liigh P.b.oep)1oru 
6o 4 19 188 149: 122 117 115 113 149 168 29 ;o 145 151 117 133 116 1.57 171 171 104 50 24 
29. 128 147 115 lo8 115 r·96 54 52 
90 2'1 215 190 182 198 192 139 77 
98 ~ 162 161 m 131. 151 ~ lpl2 lit. Av. 190 165 141 135 136 142 132 120 62 ', 4o 
· Vi ta.min A. 1!!&.s per 100 ml) 
Lt>t l,'Low Phosphorus 
33 5;3 8~7 7~9 8.7 1.0 8.7 10.5 12.8 11.0 Z7.0 28.7 
46 8;9 7~5 ll~O 5.8 10.5 5.8 10.1 13~7 21W 23.4 2.1.9 
41 · e;2 10;; 4~0 8.3 7.9 8.7 20.9 15.0 
~3 l3.& 10. l !f.a.2 L2 7.0 6.2 . :rr.:o ~ 
16.0 Av~ .8.9 9,.2 .7 •. 0 7,6 ,• 8.1 7.4 11.9 13.5 2;.2 25.3 
Lot 2, Righ_ PhosphC>l'US 
19 ll~O 9.2 8.7 11.0 9,.2 1.0 11.0 8.3 21.5 30.7 4.9 
50 13.9 12.8 5.3 10.5 6.6 12.8 13.7 13.7 23.4 32.2 17.7 
29 7,4 5.8 3.6 0~7 0.7 6.6 9,.2 22.9 
90 8.9 11.0 5.8 9,6 6.6 11.4 11.0 13.7 
98 8:21 ~ lU ..5....l I.& ~ 6*22 .ll.a.3 Av. 9.9: 9.3 7.1 7.4 6.o 9.0 10.e 15.12 22.5 31.2 ll.3 
Phosphorus 1m IE lQ.Q ml) 
Lot l, ·u>w P.hosphoru 
33 2.9 1.3 2.0 1.5 2.1 2.1 3.0 2.7 4.o 2.7 -.2.6 
46 
-~~-2 l.7 3.2 3.7 3.;5 4.2 5.7 2.9 3.5 3.6 2,3 41 2~4; 6.2 2.9 2.6 3.0 3.5 2.2 i.4 
43 2'8' 2.a.Q ~ l.l !.t.1 .e.a.2 la.I .Li 
---
~, 
3.8 Av. 2.8, 4.o 3.5 2 .. 8 2~6 3.2 3.2 2.0 3.2 2.5 
Lot 2, High l?hosphorus ·. 
l.9 1.8 5.1 5.1 6.2 5.7 6.7 3.8 4.3 2.9 3.8 3.6 
50 2.8i 7.6 ll..7 11.0 4.5 4.4 6.7 7.8 6~0 3.3 6.2 
29 3~0! 8.2 3.9 6.o 7.7 6.5 5.5 4.6 
90 3.Jt. 9.5 s.e 7.2 6.6 5.5 5.6 5.8 
98 ~ .2a.2 Ll h8 H Ll 6.22 H2 3~6 u Av •. . 2 .• 8 7.9 7.2. 7.0 6.o 5.5 5.8 i..~; 
I Number· ~f d91"S from this date (J8l3.U.827 26, 1951) until date of calvit)g -~ 31 'f'er 
cow 33, 23' tw cow 46, ll3 fer . eow· 41, · 83 for cow 43, 21 for cow 19, 27 ta.r cow 
. 50, 6; f'Gl"' cow 29, 55 for COW' 90, and 52 tar cow 98. 
2 Weip.ted averqes. 
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those reported by Ross and Gallup (1949), who observed an inverse relation-
ship between plasma-inorganic phosphorus and plasma-carotene in cows 
receiving a limited intake of phosphorus. The carotene values of cows33 and46 
in Lot 1 (low phosphorus) and of cows 19 and 50 and Lot 2 (high phosphorus)--
which received little or no carotene from the eighth to the twentieth week 
after parturition--decreased quite rapidly. 
At the end of the depletion period, the average vitamtn A level in the 
blood plasma of Lot 1 cows was 8. 9 mtcrograms per 100 milliliters of 
plasma, whereas for Lot 2 the average value was 9. 9 micrograms. At the 
time of parturition, the average values were 9. 2 and 9. 3 micrograms, re-
spectively. From the first to the fourth week after parturition, no cons is-
tent difference was noted in the vitamtn A values between lots; The vitamin A 
values increased for most cows from the end of the fourth week to the eighth 
week when the carotene intake was decreasing. Two cows in Lot 1 and two 
cows in Lot 2 were observed to have much higher values at the twelfth and 
, sixteenth week than at the fourth week, and the carotene intake was only one-
fifth as much. The cows of Lot 2 had higher vitamin A values at twelve and 
sixteen weeks than the cows of Lot 1. Cow 19 in Lot 2 had a value of 4 .• 9 
micrograms vitamin A per 100 milliil'iters plasma at the end of twenty we.eks. 
This co'f' was excitable and showed some signs of night blindness and muscu-
lar inco<i>rdination. These symptoms of a vitamin A deficiency are sim~lar 
to those ,reported by Moore (1940), Davis and Madsen (1941) reported that 
I . 
' 
an inadequate carotene intake in cattle coul&be determined by blood analyses 
and that carotene and vitam.in A content of blood plasma at any particular 
I 
time was dependent on the current intake and previous storage of these 
factors~ When cattle were depleted of carotene reserves, the blood caro-
tene level was dependent on intake alone. Davis and Madsen further stated 
I 
that the critical level of carotene in the blood plasma was 25 micrograms 
and that for vitamin A was 16 micrograms per 100 milliliters of plasma. 
Liver Analyses 
The carotene and vitamin A values of liver samples obtained fromt:cows 
by biops1y are shown in Table 4. 
Analyses of liver samples taken before calving showed that the average 
content of carotene was slightly higher for cows in Lot 1 than for cows in 
Lot 2, U:1e respective values being l, 192 and 1,114 micrograms per 100 
grams of liver. The average carotene content of the livers of cows from 
both lots was lower at each subsequent bleeding. Carotene values of Lot 1 
were higher than those of Lot 2 at each date of sampling, except at the 
eighth week. Cow 19 (Lot 2) had a high level of carotene in the liver at thi!? 
date, a value not consistent with previous values obtained. This high value 
might have been due to an error in sampling or in liver analyses. From 
the eightjh to the twentieth. week, when cows 33 and 46 in Lot 1 and cows 19 
and 50 in Lot 2 received little or no carotene, the carotene level in the livers 
dropped sharply. At the end of the twentieth week, the average carotene 
I • 
I 
value fol'. these two cows in Lot 1 wa.s 306 micrograms per 100 grams of 
liver and 157 for the two cows in Lot 2. 
Analyses of liver samples, obtained prior to parturition, showed an 
average of 27, 314 micrograms 0£ vitamin A for Lot 1 and 19,739 micrograms 
per 100 grams liver for Lot 2. Values for both lots gradually decreased un-
til the eighth wee~. From the eighth to the twentieth week, there was a 
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TAJ3IE 4 
CAROTDIE AND VITAMIN A CO!fl'El\lr OF COW LIVER 
(Samples obtained by biopsy) 
End of 
Depletion Partu- Weeks Post;partal 
Period rition 8 16 
Carotene 1!J&8. ~ 100 ml 
Lot· 1, Low Phosphorus 
33 901 693 868 589 359 
46 1,391 1,240 790 794 420 
41 1,136 1,031 1,023 480 
43 1.340 915 12075 §§1 
Average 1,192 gro 939 633 394 
Lot 2, High Phoa:phorus 
19 824 753 688 1,017 254 
50 534 525 502 326 199 
29 1,251 908 852 681 
90 1,146 982 951 725 
98 1.316 l,o83 740 1Q.11 
Average 1,,014 850 747 685 227 
Vi t:amin A .fi!!£g ;per 100 ggu 
Lot l, Low Phosphorus 
33 25;194 21,405 23,042 22,555 8.,545 
46 22;248 22,142 21,872 13,713 6,957 
41 27,244 32,655 33,779 13,o85 
43 34.570 282110 31~826 20,009 
--
~verage 27,314 26,078 27,630 17,341 7,751 
~ot 2, High Phosphorus 
19 15,982 13,933 14,465 17,436 2,312 
50 9,991 11,082 11,292 9,307 2,068 
29 18,980 15,565 14,876 10,561 
90 32,466 26,211 25,602 21,642 
98 21.276 13 .885 1,1,418 ...2.,9161 
~verage 19,739 16,135 l.5,531 13,271 2,190 
· Weighted averages. 
1 . • 
I 
105 
20 
260 
352 
306 
197 
117 
157 
7,932 
6,404 
7,168 
2,889 
1,646 
2,268 
I 
sharp drop in vitamin A levels for the two cows in Lot 1 and the two cows in 
Lot 2 wp.ich received little or no carotene from the ration du.ring this period. 
I 
I 
The Lot 1 averages at the sixteenth and twentieth week were 7, 751 and 7, 168 
micrograms, respectively, whereas for Lot 2 the average.-::.v~lues for the two 
dates were 2, 190 and 2, 268 micrograms per 100 grams of liver. This de"". 
crease in liver reserves of vitamin A from the eighth to the twentieth w.eek 
is'.in agreement with results repo.rted by Frey and Jensen (1946).. Th.ey 
s.howed that,ior steers, an increasing loss of hepatic re.serves of vitamin A 
occurred with decreasing caroten.e i:g.take. T:P,e rate of depletion of large 
reserve's of vitamin A was i;;tudied by Popper and Srenner (1942)• They 
. . . ' . 
stated that the rate of depletion is greater than can be accounted for. by the 
needs of the body. Glover, Goodwin, and Morton '(1947) reported that the 
plasma-,vitarnin A levels of rats were maintained near no,rmal even when 
liver stores approached exhaustion 
Colostr4-m and Milk A:n.alyses 
·The analyses· of colostrum and mUk for vitamtn A and carotene are 
shown irl Tab le 5. 
Con,siderable variation in concentration of carotene and vitamin A. 9f the 
colostrum and m~lk was observed. The carotene content of colostrum from 
I 
,cows of Lot 1 ~anged from 61. 6 to 172. 6 microg,rams, with an average value 
of 1:26. 7 m.icrograms per 100 milliliters. The average value _of cows of 
Lot 2 wJs 169.1, these valu.es ranging from 69. .. 4 to 486.0 m~crog,rams. 
' I , 
One week after parturition, the averag~ value for Lot 1 was .5. 6; for Lot. 2 
the average was .6. Z mic:rog.rams carotene. ,Frorn the second to the eishth 
\ ' 
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TABIE 5 
CAROT.ENE AND VITAMIN A CONI'Elff OF COLOSTRUM il'D MILK 
Weeks Postpartum. 
Colostrum 1 2 3 4 6 8 
Carotene ~ ~ 100 ml} 
Lot 1, Low Phosphorus 
8011 33 61.6 2.9 9o7 1.7 None L7 
46 172.8 12.0 1406 4o7 6.6 4)i 0.2 
41 152.6 5.3 4,4 3.5 5.6 2.6 2.0 
43 119.8 2.0 ~ 1 2 1 2.0 4)i Ll 
Average 126,7 5.6 7.9 2.8 3.5 4.9 1,9 
Lot 2, Hlgh Phosphorus 
19 100.8 10.7 3.5 2.0 1.7 o.8 0.2 
50 69.4 2.,0 4o4 Oo8 3.5 3.2 0.2 
29 92.8 4.4 5.3 2.6 None 2.9 Oo2 
90 9(5.4 4.1 3.8 2.0 1.7 2.3 o.8 
98 486,o 2.J. Ll 2.6 None ~ 4),.2 Average 169.1 6.2 4.o 2.5 1,4 2.3 lo7 
Vitamin A (mog per 100 ml) 
Lot 1, Low Phosphorus 
3.81 33 87.l 15~l. 3,4 1.1 1.5 3.8 
46 156.3 12,l ll.4 4.6 6.4 1.2 2.5 
41 242.5 5.51 . 6.9 6.7 6.5 o.6 1.2 
43 294.5 u 8.6 2.2 .L.2 ~ 2.&l 
Average 195.1 5.,0 10.5 4.2 4.4 1.8 4.3 
Lot 2, High Phosphorus 
19 234.o 24.o 7.0 5.5 10.6 6.1 5.3 
50 206.9 9.6 10.9 6 .. 2 7.6 5.0 5.9 
29 148.3 8.3 11.9 5.5 3.5 7.0 6)+ 
90 269.0 4.1 2.1 5.5 1.2 4.o 3 .11 
98 521.6 ~ h2 i& g.a ~ ~ Average 276.0 12,3 6,8 5,5 5.0 5.2 5.6 
1Anal;rses 1 repeated, results confirmed. 
2weighted averages. 
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week, the carotene values of milk were higher for cows .of Lot I than for cows 
of Lot 2_. It was observed that the cows of Lot I had higher carotene levels in 
both blood plasma and milk than cows of Lot 2 .during :most of the experiment. 
Deuel, !!_al.(1942) reported, in an experiment with dairy cattle, a rough pro"' 
portionality between levels .of carotene in the blood and milk. 
The average content of vita,m~n A in the colostrum was 195. 1 for l,,.ot · 1 and 
276 m~:crog,ra.ms pe:.r 100 mi,lliliters colostrum for cows of Lot 2. At the end 
' 
of one wbek, these values had decreased to 5. 0 and 12 .. 3 microgra~s-. The 
amount of vitamin A in the colostrum was 10 to 100 times that found in milk 
ohtained:one week a.fter parturition. Dann (1933) and Henry, et al. (1940) 
i -..,....,.. 
determined the vitami,n A content of Shorthorn colostrum, found ~ marked 
variation from cow to cow, and found that, in some samples, the concentration 
of vitamin A was as much as 100 times that of later milk. Van Arsdell, Ros~, 
and MacVicar (1950) reported the following .average vitamin A values found 
in colostrum j.n three lots of Hereford cows: 114. 2,. 37. 3, and 96.-8-.mi,cro-
grams per 100 millilite_rs. These values decreased to 10.7, 9.4, and 9.8 
micrograms at the end of ten days. 
Calves 
The average birth weight of the three calves produced in Lot 1 was 68 
pounds, Whereas the average for Lot 2 calves was 61 pounds. When calves 
were four weeks of age., the weights were 100 and 92 pounds respectively; 
i . 
at the enfi of eight weeks, 129 and 120 pounds. 
The blood plasma analyses of the calves are given in Table 6. Blood 
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Wee.ks of age 
Birth 1 2 3 4 6 8 l2 16 20 
Phosphorus 1!!g ~ 100 ml) 
Lot' l, Lew Phosphorus 
33 4.2. 9~3 8.9 9.1 7.5 7.7 7.8 6.o 5.3 6.8 
lt-1 7.4 7.6 7.3 7 .. 1 6.5 7.4 7.6 
.. 43· u L.! 8 4 L1 ~ Ll L.2 .::u.;;:;. 6 .. o 6.8 Average. 6.8 8.o 8.2 7.8 7.3 7.5 7.6 5.3 
I 
Lot 2, H~gh. Phosphorus 
19 7.3 9.6 9.8 8.4 7.4 8~2 8.0 7.7 8.3 6.6 
50 7.2 9.,5 8.2 9.2 8.2 7.3 9.4 8.2 6.4 8~5 
29 6.7 8.5 8.9 8.5 8.6 8.5 6.7 
90 6;6 8)f. 7.3 7.4 7.6 7.3 1.6 98 . L.Q. 8.6 M L.1. M 8 2 8 2 ~ .....:._ 8.o 7.4 7.6 Average 7.0 8.9 8.5 8.2 8.1 7.9 8.o 
Carotene 1!!2.g ~ 100 ml) 
-µ>t" ·1, · L~ Phosphorus 
33 · : None 6 Trace 11 8 8 40 24 4o 17 
i.:1 Bone 22 22 29 24 6 19 
·· 43. 
_2_ J.8 gi 12 3.! 21 ...2 
24 4o Average l 15 15 17 21 12 22 17 
Lot 2, High. Phosphorus 
19 N®a l3 8 :None Bone 6 46 44 38 20 
50 10 .None Bone Bone 7 8 40 71 61&. 33 
29 l 20 14 17 23 28 8 
90 2 10 6 Bone 13 36 23 98 ... 
' --1.. ll 11 No4 1Q ll 1.1 58 Average I 3 ll 8 ll 1B 26 51 Zl ' 
Vitamin A ~ ~ 100 ml} 
Lot·l Low Phosphoru~ 
. ' 33 None 14~1 15~9 15.0 6.6 4.o 7.9 7.9 12.3 2.3 
41 , · 1 10~1 l~l 14.6 · 6.2 5 •. 8 3.2 
.. 43·· : 10~1 11.9 fH -2.&.l L1 ~ .2.& Average 3.6 12.0 o. 11~6 6 .. 8 6.o 6.7 7.9 12.3 2.3 
Lot .. 2, Kigh P.hosph9l'US 
19 .. • None 15;9 5.8 9.2 6.6 Trace 3.2 10.5 12.3 None 
50 I ,4· 15.9 16.4 12.3 14.6 1.0 1.0 9.2 15.9 None .. .o 
29 Trace 4 .. 9 9.2 8.3 5.3 8.6 8.9 
90. 4.4 6.6 8.3 1.5 1.0 5.8 4.o 
. 98. 2g8 14,6 11.0 ~ -1....2 ~ H J.lt.. l Average 2.2. 11.6 10.l 8.4 7.1 6.o ,4 13.9 None 
of 6. 8 milligrams per 100 milliliters plasma for Lot 1 calves and 7. 0 for 
calves of Lot 2. The phosphorus value of the calves of Lot 1 was nearly twice 
i 
as high ks the phosphorus value of their dams. Green and Macashill (1928), 
E.ckles, Gullickson, and Palmer (1932), and Godden and Allcroft (1932) have 
. . 
reported findings of greater concentrations of inorganic p!J.osphorus in new-
born calves than in their dams. There was an increase in phosphorus values 
for calves of both lots from birth to one week of age. At each bleeding date, 
phosphorus values of calves from Lot 2 cows (high phosphorus) were slightiy 
higher than values of Lot 1 calves. 
Only a small amount of carotene was found in the blood plasma .of five 
calves at the initial bleeding; no carotene was present in blood plasma of 
two of the calves. From the first until the fourth week after birth, calves 
of Lot 1 had higher carotene values than those of Lot 2. 
At the time of birth, the average vitamin A val.ue of Lot 1 was 3. 6 micro-
grams, whereas the average value of Lot 2 was 2. 2 micrograms per 100 
milliliters plasma. After one week, the average levels of vitamin A were 
12. 0 and 11. 6 micrograms, respectively. Cp.n.sistent differences in vitam.in A 
were not observed between the two lots during the remainde.r of the trial •. 
Van Arsdell, Ross, and MacVicar reported average vitamin A values of three 
lots of liereford calves. Values at birth were 4. 2, 4. 3, and 2. 3 micrograms; 
one week later, the average values of the calves were 9. 5, 13. 5, and 9. 1 
micrograms per 100 milliliters plasma. 
I 
Carotene and Vitamin A Content of Liver of Calves 
A m~asurable amount of carotene was found in the liver of only one calf 
! 
at the time of birth. After eight weeks, carotene was present in the liver of 
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only two calves. The results of analyses of liver for carotene and vitamin A 
are shown in Table 7. 
A greater quantity of vitamin A was present in the liver of Lot 1 calves at 
the time of birth than in the liver of Lot 2 calves, the values being 429 and 
164 micrograms per 100 grams of liver, respectively. Calves whose dams 
had the greatest concentration of vitamin A in the liver at parturition had the 
greatest reserves of vitamin A at birth. A great increase in storage of vita.;. 
I 
min A in the liver of calves in both lots was noted during the first four weeks. 
At four and eight weeks, the average values for Lot 1 calves were 3,317 and 
2,021 m,icrograms; for calves of Lot 2, at these dates, the concentration of 
vitamin A was 1,491 and 1,747 micrograms per 100 grams of liver, respec-
tively. Hart and. Guilbert (J 933) found that the livers of newborn .animals 
tend to be comparatively low in vitamin A, irrespective of the diet of the dam 
during gestation. Speilman, et~· (1946) stated that the prepartum diet of the 
normal bovine may influence markedly the vitamin A and carotene 1reserves 
of the newborn cal£. Henry, et al. ( 1949) conducted vitamin A studies with 
-- , .\ 
rats and concluded that the vitamin .A content of the milk of the mothers and 
of the livers of the young was influenced more by the amount of vitamin A 
taken by the mother during lactation than by her liver reserves •. · 
TABIE 7 
CARO'?DE ADD VlTAMm A CON!'DT OF CALF LIV.EB 
(Sam.plea obtained by biopsy) · 
Ase in weeks 
Birth 4 
Carotene Vitamin A Carotene Vite.min A Carotene 
{mes -oer 100 sml 
Lot l 
' 
~w Phosphorus 
33 'Bone 176 lone 1,496 41 41 30 628 8 4,183 None 43 .. None 482 
-+ 4.273 b!. Average 10 429 3,317 14 
Lot 2, High Phosphorus 
19 • None 162 None 1,674 19 
50 None 58 None 910 None 
29 None 113 None 3,071 !~~~l 90 None 329 None 1,341 98 ... None 128 None 4'58 :None 
Average None 164 Bone 1,491 5 
l ' A liver S8l!lll)le was npt obtained. from calf 90 at this date. 
112 
8 
Vitamin A 
2,067 
3,691 
305 
2,021 
1,515 
1,995 
1,396 _____ 1 
2.083 
1,747 
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SUMMARY 
NinJ mature, pregnant, Hereford cows were fed a low phosphorus ration 
for a period of 71 days. At the end of this period- -a time estimated to be 
approximately four weeks prior to parturition, the cows were divided into 
two lots on the basis of phosphorus level of plasma, carotene and vitamin A 
content of the plasma and liver, and body weights. 
Four cows were fed the low phosphorus ration, which consisted of 1 1/2 
pounds corn gluten meal and 15 pounds prairie hay. This ration provided 
an intake of approximately O. 7 gram of phosphorus per 100 pounds body 
weight. Five cows received the same ration plus sufficient bonemeal so that 
the daily intake of phosphorus per cow was approximately 3 grams per 100 
pounds body weight. 
1· 
Blood and milk samples were taken from the cows, and blood samples 
taken from the calves at parturition and weekly for four weeks and at the 
sixth and eighth week. Liver samples, obtained by biopsy, were obtained 
from the cows and calves at parturition and at four and eight weeks. Blood 
samples were analyzed for inorganic phosphorus, carotene, and vitam.in A. 
Colostrum, milk, and liver samples were analyzed for carotene and vitamin A. 
Data from these analyses indicated a trend for cows receiving the low 
phosphorus ration to have higher carotene levels in the blood plasma than 
cows receiving a high phosphorus ration. No consistent differences in vita-
min A levels were observed between the two lots. 
Considerable variation was observed in the concentration of the carotene 
and vitar.p.in A in the colostrum. Cows fed the low phosphorus ration tended 
to have higher carotene levels in the milk than cows fed the high phosphorus 
ration. i 
' Concentration of carotene and vitamin A in the liver of both lots of cows 
decreased as the carotene intake of the cows was reduced. 
Eight weeks after parturition, the low phosphorus lot had lost 36. 5 per 
cent of its original reserves of vitamin A in the liver, whereas the high phoij-
phorus lot had lost 32. 8 per cent • 
. i 
I 
I 
Approximately twice as much inorganic phosphorus was present in the 
plasma of newborn calves in the low phosphorus lot as was present in the 
blood plalsma of their dams. 
Only a slight amount of carotene and vitamin A was present in the blood 
plasma of the calves at birth. At the end of one week, th.ese values had in-
creased 6 to 2.2 per cent. 
A measurable amount of carotene was found in the liver of only one calf 
at the tirti·e of birth. After eight weeks, carotene was present in the liver 
of only two calves • 
i 
Calvds whose dams had the greatest concentration of vitamin A in the 
liver at parturition had the greatest reserves of vitamin A at birth. 
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